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(57) Abstract 

Reflective color filters (10) using layers 
of cholesteric liquid crystals with two different 
center wavelengths and bandw.dths pei • laye » 
stacked in two layers to prov.de colored Mhght for 
displays. A two layer stack circularly polarized 
light of one handedness can be provided (1, 2). 
A four layer stack unpolarized colored hght can 
be provided. With a broadband polarizing filter 
overlapping other filters in the stack, a black 
S n be provided by reflecting al colors 
Tnd transmitting no light in the overlapping 
areas When broadband reflective cholesteric 
liquid crystals are used, two primary colon can 
te reflected in the same pixel of a dtsplay making 
reflective layers with two reflective portion per 
l ayer possible. Color displays (7) havmg three 
linear subpixels with three primary colors or with 
four subpixels of white, blue-green, and red in 
a pixel with two colors in a top row and two 
colors on the bottom row are made wit . two 
colors per layer in two layer stacks The pixe s 
n the display are arranged such that multiple 
adjneent subpixels in a layer, or row m a layer 
2h the same color makes the color filter eas.e 
to manufacture. Displays using these reflective 
color fillers may have a reflective polarizer for 
vowing the display at wide angles wuhout color 
distortion. 
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B ^CKGRQl nF INVENTION 

TVrhnical Field rn , 
T^esent invent reUtes to a high-brightness co,o, liquid crystal d.splay (LCD) 

pane, with improved image contrast employing nonabsorptive specxra, flhering, „gh. 
lycring among neighboring subpixels and ambient glare reduction, and also to methods 
and apparatus tor manufacturing the same. 

Ea£ " SE ^ quES „„n. there is a great need for flat display panefs capable of dismaying 
vi de„ imagervin borh direct and portion modes o, viewing. Examples of equipment 
quiring such disp,ay structures for direct viewing include notebook computers, laptop 
Ipul and palmtop computers, and e q u,pment firing such diaplay — for 
projection viewing include LCD projection panels and LCD image projectors. 

.„ genera,, prior art color LCD display panels have essentially the same bas,c 
_i n in that each comprises the following basic components. name,y: a bacUighrmg 
« for producing a plane of uniform intensity backing; an elecrrically-add^ 
a„ay of spariahinrensiry modulating elements fo, modulating the sparia, intensny of the 
pUne of backlight transmitted therethrough; and an array of cote Altering elements ,n 
Lgis.rar.on with the .nay of spatial inrensiry modrdaring elements, for spectra, fllrenng the 
inle „ s i,y modmared „gh. rays transmitted rhererhrough. ,o form a color image for enher 
dire ct or projection viewing. Examples of auch prior an LCD pane, systems are oW«d ,n 
"A Systems Approach to Cor Fihers fo, FU.-Pane, Displays" by I Hunninghake, e, al. 
published in S,D 94 DIGEST (pages 407-4 10), incorporarcd herein by reference. 
' m color LCD pane, design, the goal la to maximize .he percemage of hgh. 
„ a „ S mi..ed from Use backlighting structure through the color Altering array. However. 

prior an design techniques, i. has been impossible .0 achieve .his desfcr goal due to 
Significant losses in ,igh. —on caused by the following factors, namely: absorpuon o 
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Background Art 

Wi.hou. ouestion. there „ , great „ eed fcr „ M di!p|m pands ^ 
*deo rmagerv ,„ both dtoct and projeaio „ modK Qf view|ng ^ 
reou.ring such aispiav srrocures fo, direct v , TOing lndudc „ otebMk 
eompurers. and palmrop compute. and equipmem rcquwng such disp|jv ^ 
pro,ecr,on viewing include LCD projection panels and LCD image projectors 

In general, prior a „ color LCD display panels have e« ra ial,v .he same basic 
—on in , hat cach rompnses [he ^ basic namelv: a backing 

s.^ r„ r p^, . ^ of uniform lntenshv backlighung; ^ elccirica|lvadd 

>™ y .^«» moving elements fo , modulating the spaual imans 

Piane of backlight tra „ smltted thcrethrough; and a „ ^ rf ^ 

registration wi.h the arrav of spacla, inrensiry modula.ing elements. f or spectra , n „ erl „ g ^ 
m,e„s„y modulated ,ig h , ra « transmkted ^ ^ a ^ ^ 

d™, o, ptojeceion viewing . ^ of ^ priof an pMc| svsiems ^ 
A Systems Approach ro Coio, Fibers f„ r Flal . Panel Disp|ays - by , Hu „ 
published in SID 94 DIGEST (pages ,07.410,, incorporate herein bv tefmrux ' ' 

In color LCD panel design, rhe goal is to maximize t he percentage of light 
transmit from the backlighting slninure through the color filtering arra, However 
using prior ar. d e sig „ lcchniqua , „ _ ^ ^ ^ ^ • 

iossos In ligh, caused by ^ ^ ^ ^ 

hlh. energy^ ■„ absorption-rype pola^cs used ,„ thc LCD ^ ^ 
reneaed off ,hi„.„, m , ransistors (TFTs) a „ d ^ of ^ ^ 

modulation arrava used in ,he LCD pan* absorption o, light bv pigmenrs uae d in ,he 
spectra, filters „ f ,he LCD panels; absorption of light energy bv the black-marria u» d to 
spauany aepaeare the subpUe, fibers ,n rhe LCD panel in order w enhan „ 
and Freanel losses one to rhe mismatching of refractive indices between lavecs within the ' 
LCD panels. M a resuh of auch design factors . the ligh| ^ rf 

color LCD pane,, is typi calh, no more than 5%. Conseouen.lv. up to , M of the „.„, 
produced by the backlighting smmure is inverted into heat across rhe LCD pane. Thus 
« - ^possible to produce high brigbrness images from pHce an color LCD panels used in ' 
erthec direct ot projection disp , 2y ^ lvilhom usl „ g 

sources tvhich re,ui,e high potver supplies, and pn^uce grea, amounrs of beat necessirar „g 
cooimg measures and the like. 6 
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The light transmission efficiency of prior art LCD panels has been severely degraded 
as a result of the following factors: absorption of light energy due to absorption-type 
polarizers used in the LCD panels: absorption of light refleaed off thin-film transistors 
(TFTs) and wiring of the oixelated spatial intensity modulation arrays used in the LCD 
panels: absorpt.on of light by pigments used in the spectral filters of the LCD panels; 
absorption of light energy by the black-matrix used to spatia.lv separate the subpixel filters 
in the LCD panel in order to enhance image contrast; and Fresnel losses due to the 
mi smatching of refractive indices between layers within the LCD panels. As a result of such 
light energy losses, it has been virtua.lv impossible to improve the light transm.ss.on 
efficiency of prior art LCD panels beyond about 5%. 

In response to the shortcomings and drawbacks of prior art color LCD pane, designs, 
several alternative approaches have been proposed in order to improve the light 
transmission efficiency of the pane, and thus the brightness of images produced therefrom. 

For example, US Patent No. 5.822,029 entitled •'Illumination System and D.splay 
Device" discloses a LCD panel construction comprising a broad-band CLC reflective 
polarizer (I) disposed between the backlighting structure (A. B. H and I) and a reflective 
color filtering structure (C) made from a pair of cholesteric liquid crystal (CLC) film layers, 
as shown in Figs. 1A and IB of the accompanying Drawings which are identical to F.gs; 5 
and 6 in US Patent No. 5.822.029. As shown in Fig. IA, the reflective color filter structure 
(C) has a first layer with portions which reflect red-green and blue light while transmitting 
other colors, and a second layer identical to the first layer but out of alignment therewith so 
that each region of the spectral filter transmits only one color of light from the light source 
of the backlighting structure, illustrated in Fig. 1C while all other colors are reflected back 
towards the backlighting structure. During operation, the spectra, components which are 
not transmitted through its respective subpixc. structure, are reflected back through the 
broad-band CLC reflective polarizer (1) and recycled within the backlighting structure, after 
polarization state conversion in order to improve the light transmission efficiency of the 
LCD panel and thus the output brightness thereof. 

In order to recycle light striking the TFT areas and wiring regions associated with 
each subpixel region on the LCD panel. US Patent 5.822.029 discloses the use of a 
reflective-tvpe black matrix about the transmission apertures of the subpixels, realized by 
placing a reflective material (K) and a quarter-wave film on a substrate attached to the 
layers of CLC reflective material, as shown in Fig. IB. 

In order to improve the viewing angle of the LCD pane.. US Patent No. 5.822.029 
also discloses in Col. 4. at lines 29-50 thereof, that a collimated light source may be used so 
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2Z7'72 ,hc ,i8h< sourceOT " fa " ,vi,hin ,he — or 

the broad-band CLC polarizer (I). 

While US Pa,cn, No. 5.822.029 ««, „ LCD pane| 

2: r ; mpro r tn,s ' ,his prior ari lcd pand *- *- • 

number of agmf.cani shortcomings and drawbacks. 

For exampie. ,be manufacturing of CLC Uvea bav.ng .hree color regions or seerions 

manufacturing techniques disclosed in US Paten, No. 5.822.029 and other prior art 
references. K 

Adding the reOectivctvpe black matrix pattern to the CLC spectra, R, ler stnict „„ 
mcrcasea .hecompleai.v of the dispiav system and adds „ the overall cost of the displav 
whtch most be minimized for ,„,v^ 5t consumcr padm app , ica , ions 

Wbi,e recommending the use of light coilimatior, .echniques ,„ ensure that the 
modem upon th e spectra, fiber ,a„s wi.hin the angular accepunca bandsv,d,h „, „s CLC 
n-atcrial. US Patent No. 5.22.029 fads to disdosc, teach or auggcs, pracica, sv.vs of 
ach.ev.ng , , requ , remera of CLC ^ „, _ fa ^ ■ 

■ha, nomcolhma.cd ,igh, fa„i„g „„ the broad . band CLQ ^ ^ ^ 
ngmfican, polarization diarorrion. as i||us,r„od in Figs. 1 D rhrough I H 

■mpnoved hgbt recycling wi.hin a LCD pane,, the methods raugh, .herein necessarilv resul, 
CLC mm, having narrow bandwidth, which limi, thai, usefulness in creating p r aclica , 

™t; al> m,e ' iiruc,ures for use in lcd pane,s whifc us — — «. 

5.822.029 d, S c,„se s a .ecbnique of basing lhe band „. id[h rf ^ 
"arena, by providioga pluralffy of diffemn, pitches in each ponion of the materia, <eg 
uatng a thernrochromic materia, during manufacture and va„i„g ils lempEralure 
applying ulrraviole, ligh, ,„ fia ,he materia,,, thia method is difficult ,„ uae in practice and 

„m. A P p,,ams have discovered that for good resuhs. a bandwidth of a. leas, ,00 
nm is required for CLCbased spectral filters. 

The CLCbased speara, filters disclosed in US Patcn, No. 5.822.029 do no, have a 
fftaemly broad spectra, bandwid.b ,„ reflec a„ ,he „gh, needed ,o make a good quali.v 

m : - - — — - - .»* ^l. 

o C h H ° °" " 3 ~ " rtfkC,ed - ^ « -ha. prior an 
CLC-baaed apecrra, Oners have a, leas, ,„rec „.„, reHecing secions p=, CLC laver. for a 
two-layer CLC spectral filter atmcture. 
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In summary, while it is well known to use CLC-based spectral filters and CLC 
reflective polarizers within color LCD panel assemblies to improve the brightness of images 
displayed therefrom, prior art CLC-based LCD panels suffer from several shortcomings and 
drawbacks relating to: ( 1 ) color changes due to viewing angle; (2) controlling the bandwidth 
of the spectral components to be reflected within the panel for recycling; (3) difficulty in 
tuning the color-band of spectral components to be transmitted to the viewer for display; 
(4) difficulty in achieving high contrast between the spectral components in different color 
bands; (5) difficulty in making CLC-based spectral filter layers which result in spectral filters 
having high color purity and a broad color gamut; and (6) realizing a reflective- type black 
matrix which is inexpensive and does not increase the complexity of the system. 

Thus, there is a great need in the art for an improved color LCD panel which is 
capable of producing high brightness color images without the shortcomings and drawbacks 
of the prior art LCD panel devices. 

DISCLOSURE OF THE INVENTION 

Accordingly, a primary object of the present invention is to provide an improved 
color LCD panel capable of producing high brightness color images, while avoiding the 
shortcomings and drawbackrof prior art techniques. 

Another object of the present invention is to provide such a color LCD panel, in 
which the spatial-intensity modulation and spectral (i.e. color) filtering functions associated 
with each and even' subpixel structure of the LCD panel arc carried out using svstemic light 
recycling principles which virtually eliminate any and all absorption or dissipation of the 
spectral energy produced from the backlighting structure during color image production. 

Another object of the present invention is to provide such a color LCD panel, in 
which image contrast enhancement is achieved through the strategic placement of broad- 
band absorptive- type polarization panels within the LCD panel. 

Another object of the present invention is to provide such a color LCD panel, in 
which glare due to ambient light is reduced through the strategic placement of a broad-band 
absorptive-tvpe polarization panel within the LCD panel. 

Another object of the present invention is to provide such a color LCD panel, in 
which a single polarization state of light is transmitted from the backlighting structure to 
the section of the LCD panel along the projection axis thereof, to those structures or 
subpanels where both spatial intensity and spectral filtering of the transmitted polarized 
light simultaneously occurs on a subpixel basis in a functionally integrated manner. At each 
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subpixel location, spectral bands of light which arc not transmitted to the displav surface 
during spectral filtering, are reflected without absorption back along the projection axis into 
the backlighting structure where the polarized light is recycled with light energy being 
generated therewith. The recycled spectral components are then retransmitted from the 
backlighting structure into section of the LCD panel where spatial intensity modulation 
and spectral filtering of the retransmitted polarized light simultaneously reoccurs on a 
subpixel basis in a functionally integrated manner. 

Another object of the present invention is to provide such a color LCD panel, in 
which the spatial-intensity modulation and spectral filtering functions associated with each 
and every subpixel structure of the LCD panel are carried out using the 
polarization/wavelength dependent transmission and reflection properties of CLC-based 
filters. 

Another object of the present invention is to provide such a color LCD panel having 
a multi-layer construction with multiple optical interfaces, at which non-absorbing broad- 
band and pass-band (i.e. tuned) polarizing reflective panels are used to carrv out svstemic 
light recycling within the LCD panel such that light produced from the backlighting 
structure is transmitted through the LCD panel with a light transmission efficiency of at 
least 90%. 

Another object of the present invention is to provide a novel LCD panel, in which 
both non-absorbing broad-band and pass-band (i.e. tuned) polarizer filters are used to avoid 
absorbing or dissipating any of the spectral energy produced from the backlighting structure 
during image production in order that high-brightness images can be produced using low- 
intensity backlighting structures. 

Another object of the present invention is to provide such a color LCD panel, in 
which an arrav of pass-band CLC polarizing filter elements and an arrav of electrically- 
controlled liquid crystal elements are disposed between a pair of broad-band CLC polarizing 
filter panels used to realize the LCD panel. 

Another object of the present invention is to provide such a color LCD panel, in 
which the spectral components of light produced from the backlighting structure are 
recycled (i) between the spectral filtering array and the backlighting structure, (ii) within the 
backlighting structure itself, and (iii) among adjacent subpixels within the LCD panel in 
order to improve the overall light transmission efficiency of the LCD panel. 

Another object of the present invention is to provide such a color LCD panel, in 
which the array of liquid crystal elements can be realized using an arrav of electrically- 
controlled birefringent (ECB) elements which rotate the linear polarization state of the 
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transmitted light, or invert the polarization state of circularly polarized light being 
transmitted through the LCD panel. 

Another object of the present invention is to provide such a color LCD panel, in 
which the backlighting structure thereof can be realized using a light guiding panel based on 
the principle of total internal reflection, a holographic diffuscr based on the principle of 
refractive index matching and first order diffraction, or other suitable edge-lit backlighting 
structure which follows in general accordance with the physical principles of the present 
invention. 

Another object of the present invention is to increase the brightness of a LCD panel. 

Another object of the present invention is to match the color of the cholesteric color 
filters in a display to the light input color distribution for effective color separation. 

Another object of the present invention is to provide a reflective cholesteric liquid 
crystal (CLC) color filter with only two different color portions in each CLC layer. 

Another object of the present invention is to provide a reflective color filter made 
from cholesteric liquid crystals that transmits red-green and blue light from different pixels 
with a two layer configuration, where each layer has only two reflection bands. 

Another object of the present invention is to provide a reflective-type spectral filter 
structure for use in display panels, in which the contrast between the colors is significantly 
improved. 

Another object of the present invention is to provide a reflective-type spectral filter 
structure having a black matrix which is realized by overlapping two layers of reflective color 
filters. 

Another object of the present invention is to provide a refketivc-type spectral (i.e. 
color) filter, wherein each pixel structure contains red, green, blue and transparent subpixels. 

Another object of the present invention is to provide an improved display panel that 
employs cholesteric liquid crystal reflective color filters to transmit desired colors of light 
having any polarization. 

Another object of the present invention is to eliminate the quarter-wave plate in a 

reflective color filter display. 

Another object of the present invention is to provide an easier way of and means for 
making reflective Cholesteric Liquid Crystal (CLC) color filters. 

Another object of the present invention is to provide a reflective-type spectral filter 
having a patterned color section of increased size achieved by using only two colors per layer 
without losing the display resolution. 
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Another object of the present invention is to provide an improved method of making 
reflective-type spectral filters, in which the boundary effects of pixels are reduced by having 
larger size patterned color sections per layer. 

Another object of the present invention is to provide an improved method of tuning 
color filters to t he desired center wavelength and bandwidth for better color control. 

Another object of the present invention is to provide a reflcctive-tvpe spectra! filter 
which eliminates the need for a separate layer to create a black matrix. 

Another object of the present invention is to provide a method of making reflective- 
type color filters in a cost-reduced manner. 

Another object of the present invention is to provide reflective-type color filters 
having improved performance characteristics. 

Another object of the present invention is to provide a reflective-type spectral filter 
made from layers of broadband refleaive cholestcric liquid crystal materials having pitch- 
gradient characteristics and different central bandwidths. 

Another object of the present invention is to provide an improved method of reliably 
and cost effectively producing broadband refleaive cholesteric liquid crystal materials 
having different central bandwidths. 

Another object of the present invention is to provide an improved method of making 
layers of refleaive cholesteric liquid crystal materials with two separate portions having two 
separate bandwidths and central wavelengths. 

Another object of the present invention is provide a reflective-tvpe spearal filter, 
wherein each side of a layer of cholesteric liquid crystal materials employed therein refleas a 
different band of wavelengths around a different central wavelength. 

Another object of the present invention is to provide a method of making a 
reflective-type CLC filter, wherein one half of a layer of CLC material is exposed to UV light 
which is absorbed by attenuation in the cholesteric liquid crystal materials by the time it is 
one half way through the layer, thus polymerizing one half of the layer. 

Another object of the present invention is to provide an improved method of making 
a reflective-type cholesteric liquid crystal color filter, wherein two different bandwidths of 
light are reflected in the top portion of the layer, and one bandwidth of light is reflected in 
the bottom portion of the laver. 

Another objea of the present invention is to provide an improved method of making 
a refleaive-type spectral filter, wherein there is no need to align and glue together layers of 
reflective-type materials required by prior art methodologies. 
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Another object of the present invention is to provide an improved method of making 
reflective-type CLC filters, wherein several different polymerized states of cholesteric liquid 
crystal (CLC) materials arc stacked together in a single layer of CLC material. 

Another object of the present invention is to provide a reflective-spectral filter 
structure having a quarter-wave plate integrally formed with a reflective- type cholesteric 
liquid crystal color filter layer. 

Another object of the present invention is to provide a reflective- type polarizer 
integrated with a reflective cholesteric liquid crystal color filter layer. 

Another object of the present invention is to provide a method of making a 
reflective-type CLC filter structure, wherein multiple portions of polymerized cholesteric 
liquid crvstal materials with different properties in each portion are stacked in a single layer 
of cholesteric liquid crystal material. 

Another object of the present invention is to provide novel material recipes for 
creating reflective-tvpe color filter structure made from the cholesteric liquid crystal material 
that transmits red-green and blue light components from different subpixels within a two- 
layer configuration, wherein each such layer has only two reflection bandwidths. 

Another object of the present invention is to provide an improved method of making 
reflective- type color filter structures using a two-layer configuration, wherein each layer has 
only two reflection bandwidths and contains cholesteric liquid crystals that transmit red- 
green and blue from different subpixel region. 

Another object of the present invention is to provide a device capable of polarizing 
unpolarized incident light in a reflection mode for a large bandwidth of light over a wide 
range of incident angles. 

Another object of the present invention is to provide a panel capable of polarizing 
unpolarized incident light in transmission mode for a large bandwidth of light over a wide 
range of incident angles. 

Another object of the present invention is to provide a panel capable of analyzing 
circularlv polarized light in reflection mode for a large bandwidth of light over a wide range 
of incident angles. 

Another object of the present invention is to provide a panel capable of analyzing 
circularlv polarized incident light in a transmission mode for a large bandwidth of light over 
a wide range of incident angles. 

Another object of the present invention is to provide a panel capable of transmitting 
broadband polarized light without spectral distortions for a large range of angles. 
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Another object of the present invention is to provide a display device that 
automatically compensates for color changes occasioned when using reflective-type CLC 
polarizers. 

Another object of the present invention is to provide a display device that 
automatically compensates for the elliptical distortion of circularly polarized light caused by 
cholesteric liquid crystals when incident light is transmitted therethrough at large incident 
angles. 

Another object of the present invention is to provide a display device that 
automatically compensates for the spectral distortion of circularly polarized light caused bv 
cholesteric liquid crystals when incident light is transmitted therethrough at large incident 
angles. 

Another object of the present invention is to provide a dispiav device that 
automatical^ compensates for the elliptical distortion of circularly polarized light caused by 
cholesteric liquid crystals when the light is transmitted therethrough at large incident angles. 

Another object of the present invention is to provide a display device that 
automatically compensates for color distortions associated with polarization distortions of 
circularly polarized light caused by cholesteric liquid crystals when the light is transmitted 
therethrough at large incident angles. 

Another object of the present invention is to provide a display device that 
automatically compensates for the severe degradation in polarization behavior of circularly 
polarized light that occurs when such light is transmitted at large incident angles through 
CLC-based broadband polarizers employed in the dispiav device. 

As a result of the present invention, improved LCD panels can be now made having 
reflective-type color filters which offer significant advantages over absorptive color filters in 
that they reflect light for recycling in the system rather than convert the light to unwanted 
heat as absorptive color filters do. Such a reflective color filter system can enhance the 
brightness of the display and reach near 100% utilization efficiency. The improved 
efficiency derives from using reflective-type color filters which reflect light within the system 
for recycling purposes, rather than absorbing light therewithin as occurs in prior art LCD 
panels. 

By using the reflective color filters of the present invention, the brightness of the 
LCD display is increased, the cooling systems typically needed to expel wasted heat are 
eliminated, the power consumption is reduced allowing for smaller batteries and longer life 
per charge, while the weight and size of the display is reduced and its cost lowered. 
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In order to make simpler reflective color filters for transmitting red-green, and blue 
light through subpixels in a display, a novel architecture having two color reflecting portions 
per layer has been devised. In one illustrative embodiment of the invention, only one film 
layer is needed because two colors can be reflected by the same film layer when the top part 
of the laver is tuned to reflect one color of light while the bottom part of the film is tuned to 

reflect another color of light. 

In another embodiment of the present invention, image displays are provided having 
three primary colors for color images, and arrays of pixels each with three subpixels are 
provided for transmitting blue, red and green light. With a two layer system, blue and green 
reflective layers transmit red light, blue reflective layers transmit green light, and green and 
red reflective layers transmit blue light. Clear subpixels transmit all components of light 
incident thereon. The clear subpixels can be tuned to reflect ultraviolet and infrared light as 
applications may require. 

In other embodiments of the present invention, if a portion of a broadband layer 
reflecting blue and green light is paired with a portion of a layer which is clear, then red 
light is transmitted. When a portion of a broadband layer reflecting green light and red light 
is paired with a portion of a layer which is clear, then blue light is transmitted. When a 
portion of a layer which is blue light reflecting is paired with a portion of a layer which is 
red light reflecting, then green light is transmitted. When the green and red light reflecting a 
portion in one layer overlaps part of the blue light reflecting portion and part of the blue 
and green light reflecting portion in the other layer, then a black matrix is formed in the 
overlapping portion. 

The bandwidth of the reflective cholesteric liquid crystals is controllable for wide 
bandwidths by using a pitch gradient tuning method. Using this method layers of cholesteric 
liquid crystals reflecting adjacent colors such as both blue and green light and both green 
and red light are used to precisely tune the colors of light reflected and transmitted by the 
display. Use of the wider bandwidths allows layers with two color reflecting portions per 
layer to be constructed instead of three color portions per layer as in the prior art. 

When left-handed and right-handed CLC color filters having the same structure are 
both used, white incident light of any type polarization on the pixels is converted to red- 
green, and blue light without polarization state distortion. This color filter works for all 
polarizations of light, e.g. linear, circular, and even unpolarized light. When linearly 
polarized light is incident on such color filters, which are used in conjunction with 
conventional twist nematic or super twist nematic in liquid crystal displays, the need for a 
quarter-wave plate that converts circularly polarized light to linear light is eliminated. This 
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simplif.es the display system, makes fabrication easier, reduces the cost, removes the color 
chromatids problem associated with the limited bandwidth of the wave plate, and increases 
the display contrast ratio bv eliminating light losses due to quarter-wave plate bandwidth 
limitations. 

If only a left-handed or only a right-handed circularly polarized light is transmitted 
from the color filters, then a quarter-wave plate can be used to make the light linearly 
polarized for use in displays in conjunction with twisted nematic cells and a linear analyzer 
so as to turn the selectively transmit light to viewers on a subpixel-by-subpixel basis. 

The use of a black matrix of one form or another is necessary in all liquid crystal 
displays (LCD). The novel black matrix structure used in the reflective system of the 
present invention is formed by using overlapping reflective color filters to reflect all incident 
light. Therefore no added layers of reflective materials or light absorbing blocking masks are 
necessary to create the black matrix structure of the present invention. 

In accordance with the present invention, the portion of the layer having the same 
reflective color is enlarged by arranging subpixels with like color portions adjacent to other 
subpixels, producing the same color, so as to provide larger easier-to-make color portions on 
each layer. This reduces the cost of manufacture of the LCD of the present invention. 

Another object of the present invention is to provide an improved LCD panel 
wherein a polarization preserving diffuser and a light collimator are arranged about the 
reflective-type spectral filter structures employed in the LCD panel in order to increase the 
viewing angle of the LCD panel while keeping the color distortion produced by the spectral 
filter structure to a minimum level. 

These and other objects of the present invention will become apparent hereinafter 
and in the Claims to Invention. 



BRIEF DESCRIPTIO N OF THF nRAWTKir.c 

Other objects, advantages and novel features of the present invention will become 
apparent from the following Detailed Description Of The Invention when considered in 
conjunction with the accompanying Drawings, wherein: 

Fig. IA is a schematic representation of the prior art CLC-based LCD panel assembly 
originally disclosed in Fig. 4 of US Patent No. 5.822,029; 

Fig. IB is a schematic representation of the prior art CLC-based spectral filtering 
structure originally shown in Fig. 5 of US Patent No. 5.822.029. wherein a quarter-wave 
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retardation film is applied to a broad-band reflective polarizing pattern applied to a dual- 
layer CLC spectral filter structure, in order to reflect and recycle light off the TFT, wiring 
and other non-aperture surface areas of an LCD panel used in conjunction with the prior art 
illumination system of Fig. 1A; 

Fig. 1C is a schematic representation of the intensity distribution of a tvpical cold- 
cathode tungsten light source used in the backlighting structures of prior art LCD panels, 
showing the multiple spectral emission peaks associated with the primarv colors blue-green 
and red; 

Fig. ID is a schematic representation of prior art CLC-based broad band reflective 
polarizer for use in an LCD panel assembly, as depicted in Fig. 1 A, to improve light 
recycling between the backlighting structure and the spectral filtering structure of the LCD 
panel assembly; 

Fig. IE is the transmittance characteristics for left-handed and right-handed 
circularly polarized (LHCP) and (RHCP) light incident upon and transmitted through the 
CLC-based reflective broadband polarizer employed in the prior an LCD panel assembly of 
Fig. 1 A, at an angle of 0 degrees off the normal thereto; 

Fig. IF is the transmittance characteristics for left-handed and right-handed 
circularly polarized (LHCP) and (RHCP) light incident upon and transmitted through the 
CLC-based reflective broadband polarizer employed in the prior art LCD panel assembly of 
Fig. 1A. at an angle of 30 degrees off the normal thereto; 

Fig. 1G is the transmittance characteristics for left-handed and right-handed 
circularly polarized (LHCP) and (RHCP) light incident upon and transmitted through the 
CLC-based reflective broadband polarizer employed in the prior art LCD panel assembly of 
Fig. IA, at an angle of 50 degrees off the normal thereto; 

Fig. IH is the transmittance characteristics for left-handed and right-handed 
circularly polarized (LHCP) and (RHCP) light incident upon and transmitted through the 
CLC-based reflective broadband polarizer employed in the prior art LCD panel assembly of 
Fig. 1 A. at an angle of 70 degrees off the normal thereto; 

Fig. 2 is an exploded schematic diagram of the first generalized LCD panel 
construction of the present invention comprising (i) its backlighting structure realized by a 
quasi-specular reflector, a light guiding panel, a pair of edge-illuminating light sources, a 
light condensing film, and broad-band polarizing reflective panel, (ii) its array of spectral 
filtering elements realized as an array of pass-band polarizing reflective elements; and (iii) its 
spatial-intensity modulating array realized as an array of electronicallv-controlled 
polarization rotating elements, a broad-band polarizing reflective panel and a polarization- 
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state preserving light diffusive film layer disposed thereon to improve the viewing angle of 
the system; 

Fig. 2A is a perspective, partially broken away view of the LCD panel shown in Fig. 
2, showing the electronically-controlled polarization rotating elements associated with a 
pixel structure thereof; 

Fig. 2B is a cross-sectional view of a portion of a first illustrative embodiment of the 
generalized LCD panel assembly shown in Fig. 2A, taken along lines 2B-2B therein; 

Fig. 2B1 is an enlarged view of a subsection of the CLC-based LCD panel assembly 
shown in Fig. 2B; 

Fig. 2B2 is a cross-sectional schematic diagram showing in greater detail the quasi- 
collimating (i.e. condensing) film layer disposed between the light diffusive layer (for 
ensuring uniform spatial light intensity across the LCD panel) and the broad-band CLC- 
based reflective polarizer employed in the LCD panel assembly of Fig. 2; 

Fig. 3A1 is a schematic representation of an exploded, cross-sectional view of an 
exemplary pixel structure within the LCD panel of Fig. 2, wherein the spatial-intensity 
modulating elements of the LCD panel are realized using circular-type polarization rotating 
elements, and the pixel driver signals provided thereto are selected to produce "bright" 
output levels at each of the RGB subpixels of the exemplary pixel structure; 

Fig. 3A2 is a schematic representation of an exploded, cross-sectional view of an 
exemplary pixel structure within the second particular embodiment of the LCD panel of Fig. 
2, wherein the spatial-intensity modulating elements of the LCD panel are realized using 
circular-type polarization rotating elements, and the pixel driver signals provided thereto are 
selected to produce "dark- output levels at each of the RGB subpixels of the exemplary pixel 
structure; 

Fig. 3B is a schematic representation graphically illustrating ideal reflection 
characteristics for the broad-band circularly polarizing (LHCP) reflective panel of the LCD 
panel of Figs. 3AI and 3A2. indicating how such a broad-band circularly polarizing panel 
responds to incident illuminating having circular polarization state LHCP; 

Fig. 3C is a schematic representation graphically illustrating ideal reflection 
characteristics for the broad-band circularly polarizing (RHCP) reflective panel of the LCD 
panel of Figs. 3A1 and 3A2, indicating how such a broad-band circularly polarizing panel 
responds to incident illuminating having circular polarization state RHCP; 

Fig. 3D is a schematic representation graphically illustrating ideal reflection 
characteristics for the pass-band circularly polarizing (RHCP) reflective filter element 
associated with each "blue" subpixel of the LCD panel of Figs. 3AI and 3A2, indicating how 
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such a non-absorbing speciral filter element responds to incident broad-band illumination 
having circular polarization state RHCP; 

Fig. 3E is a schematic representation graphically illustrating ideal reflection 
characteristics for the pass-band circularly polarizing (RHCP) reflective filter element 
associated with each "green" subpixel of the LCD panel of Figs. 3A1 and 3A2, indicating 
how such a non-absorbing spectral filter element responds to incident broad-band 
illumination having circular polarization state RHCP; 

Fig. 3F is a schematic representation graphically illustrating ideal reflection 
characteristics for the pass-band circularly polarizing (RHCP) reflective filter element 
associated with each "red" subpixel of the LCD panel of Figs. 3A1 and 3A2. indicating how 
such a non-absorbing spectral filter element responds to incident broad-band illumination 
having circular polarization state RHCP; 

Fig. 4 is a cross-sectional schematic diagram of a super-wide-angle CLC-based 
reflective broadband polarizer employed in the LCD panel assembly of Fig. 2, shown 
comprising a CLC-based broadband polarizer with multiple compensation layers for the 
reflected light. 

Fig. 4A is the transmittance characteristics for left-handed and right-handed 
circularly polarized (LHCP) and (RHCP) light incident upon and transmitted through 
super-wide-angle CLC-based reflective broadband polarizer employed in the LCD panel 
assembly of Fig. 2, at an angle of 0 degrees off the normal thereto; 

Fig. 4B is the transmittance characteristics for left-handed and right-handed 
circularly polarized (LHCP) and (RHCP) light incident upon and transmitted through 
super-wide-angle CLC-based reflective broadband polarizer employed in the LCD panel 
assembly of Fig. 2, at an angle of 30 degrees off the normal thereto; 

Fig. 4C is the transmittance characteristics for left-handed and right-handed 
circularly polarized (LHCP) and (RHCP) light incident upon and transmitted through 
super-wide-angle CLC-based reflective broadband polarizer employed in the LCD panel 
assembly of Fig. 2, at an angle of 50 degrees off the normal thereto; 

Fig. 4D is the transmittance characteristics for left-handed and right-handed 
circularly polarized (LHCP) and (RHCP) light incident upon and transmitted through 
super-wide-angle CLC-based reflective broadband polarizer employed in the LCD panel 
assembly of Fig. 2, at an angle of 70 degrees off the normal thereto; 

Fig. 4E is a schematic representation plotting the extinction ratio of the super-wide- 
angle CLC-based reflective broadband polarizer used in the LCD panel assembly of Fig. 2, as 
a function of the film thickness thereof; 
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Fig. 4F is a schematic representation plotting the color temperature characteristics of 
the super-wide-angle CLC-based reflective broadband polarizer used in the LCD panel 
assembly of Fig. 2. as a function of the angle of incidence, for different film thicknesses and 
An=0.15; 

Fig. 4G is a schematic representation plotting the color temperature characteristics of 
the super-wide-angle CLC-based reflective broadband polarizer used in the LCD panel 
assembly of Fig. 2, as a function of the angle of incidence, for different film thicknesses and 
An=0.20; 

Fig. 5 is a schematic representation of the a first illustrative embodiment of a two- 
layer CLC-based spectral filtering structure employed in the LCD panel assembly shown in 
Fig. 2; 

Fig. 5A is an enlarged view of the two-layer CLC-based spectral filtering structure 
schematically depicted in Fig. 5; 

Fig. 5B1 is a schematic cross-sectional diagram of the two-layer CLC-based spectral 
filtering structure of the first illustrative embodiment of the present invention, wherein each 
blue subpixel structure therein is realized by a green-band reflecting region in the first CLC 
layer and a red band reflecting region in the second CLC layer, wherein each green subpixel 
structure therein is realized by a blue band reflecting region in the first CLC layer and a red 
band reflecting region in the second CLC layer, wherein each red subpixel structure therein 
is realized by a blue band reflecting region in the first CLC layer and a green-band reflecting 
region in the second CLC layer, and wherein a patterned broad-band CLC reflective layer is 
provided beneath the first CLC layer in order to realize the broad-band inter-subpixel 
"white" reflective matrix-like pattern between neighboring subpixel regions in order to 
improve light recycling off the TFT and associated wiring regions surrounding the light 
transmission aperture of each and every subpixel realized in the liquid crystal (LC) spatial- 
intensity modulation panel of the LCD panel assembly of Fig. 2; 

Fig. 5B2 is a schematic representation of an exemplary broad-band inter-subpixel 
"white" matrix-like pattern formed about a single pixel structure (each comprising red-green 
and blue subpixel structures) disposed beneath the lower CLC-filter layer of the CLC-based 
spectral filtering structure shown in Fig. 5B1 ; 

Fig. 5C is a schematic representation illustrating the spatial layout of an array of 
pixel structures, as depicted in Figs. 5B1 and 5B2, in the exemplary embodiment of the 
LCD panel assembly of Fig. 2; 

Fig. 6A is a schematic representation graphically illustrating the actual spectra! 
reflection characteristics of a "red-band" reflecting region formed in the second (i.e. top) 



WO 00/70400 - 17 - PCT/US0O/13562 

patterned CLC layer of the CLC-based spectral filtering structure depicted in Figs. 5 through 
5BI, made using CLC film fabrication methods of the present invention disclosed herein, 
showing that spectral wavelengths residing within the red-band of the electromagnetic 
spectrum and having a LHCP state are strongly reflected from the laver, while spectral 
wavelengths residing within the blue and green bands and having a LHCP polarization state 
are weakly reflected from the laver; 

Fig. 6B is a schematic representation graphically illustrating the actual spectral 
transmission characteristics of a "red-band" reflecting region formed in the second (i.e. top) 
patterned CLC layer of the CLC-based spectral filtering structure depicted in Figs. 5 through 
5B1, made using CLC film fabrication methods of the present invention disclosed herein, 
showing that spectra! wavelengths residing within the blue and green bands of the 
electromagnetic spectrum and having a LHCP state are strongly transmitted through the 
layer, while spectral wavelengths residing within the red band and having a LHCP 
polarization state are weakly transmitted through the layer; 

Fig. 6C is a schematic representation graphically illustrating the actual spectral 
reflection characteristics of a "green-band" reflecting region formed in the second (i.e. top) 
patterned CLC layer of the CLC-based spectral filtering structure depicted in Figs. 5 through 
5B1, made using CLC film fabrication methods of the present invention disclosed herein, 
showing that spectral wavelengths residing within the green-band of the electromagnetic 
spectrum and having a LHCP state are strongly reflected from the layer, while spectral 
wavelengths residing within the blue and red bands and having a LHCP polarization state 
are weakly reflected from the laver; 

Fig. 6D is a schematic representation graphically illustrating the actual spectral 
transmission characteristics of a "green-band" reflecting region formed in the second (i.e. 
top) patterned CLC layer of the CLC-based spectral filtering structure depicted in Figs. 5 
through 5BI, made using CLC film fabrication methods of the present invention disclosed 
herein, wherein spectral wavelengths residing within the blue and red bands of the 
electromagnetic spectrum and having a LHCP state are strongly transmitted through the 
layer, while spectral wavelengths residing within the green band and having a LHCP 
polarization state are weakly transmitted through the layer; 

Fig. 6E is a schematic representation graphically illustrating the actual spectral 
reflection characteristics of a "blue-band" reflecting region formed in the second (i.e. top) 
patterned CLC layer of the CLC-based spectral filtering structure depicted in Figs. 5 through 
5B1. made using CLC film fabrication methods of the present invention disclosed herein, 
showing that spectral wavelengths residing within the blue-band of the electromagnetic 
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spectrum and having a LHCP state are strongly reflected from the layer, while spectral 
wavelengths residing within the green and red bands and having a LHCP polarization state 
are weakly reflected from the layer; 

Fig. 6F is a schematic representation graphically illustrating the actual spectral 
transmission characteristics of a "blue-band" reflecting region formed in the second (i.e. top) 
patterned CLC laver of the CLC-based spectral filtering structure depicted in Figs. 5 through 
5B1, made using CLC film fabrication methods of the present invention disclosed herein, 
showing that spectral wavelengths residing within the green and red bands of the 
electromagnetic spectrum and having a LHCP state are strongly transmitted through the 
laver, while spectral wavelengths residing within the blue band and having a LHCP 
polarization state are weakly transmitted through the layer; 

Fig. 6G is a schematic representation graphically illustrating the actual spectral 
reflection characteristics of a "blue" subpixel region formed by the composition of the CLC 
lavers in the CLC-based spectral filtering structure depicted in Figs. 5 through 5B1, made 
using CLC film fabrication methods of the present invention disclosed herein, showing that 
spectral wavelengths residing within the green and red bands of the electromagnetic 
spectrum and having a LHCP state are strongly reflected from the subpixel structure, while 
spectral wavelengths residing within the blue band and having a LHCP polarization state are 
weakly reflected from the layer (i.e. strongly transmitted therethrough); 

Fig. 6H is a schematic representation graphically illustrating the actual spectral 
reflection characteristics of a "green" subpixel region formed by the composition of the CLC 
lavers in the CLC-based spectral filtering structure depicted in Figs. 5 through 5B1 , made 
using CLC film fabrication methods of the present invention disclosed herein, showing that 
spectral wavelengths residing within the blue and red bands of the electromagnetic spectrum 
and having a LHCP state are strongly reflected from the subpixel structure, while spectral 
wavelengths residing within the green band and having a LHCP polarization state are 
weakly reflected from the layer (i.e. strongly transmitted therethrough); 

Fig. 61 is a schematic representation graphically illustrating the actual spectral 
reflection characteristics of a "red" subpixel region formed by the composition of the CLC 
lavers in the CLC-based spectral filtering structure depicted in Figs. 5 through 5B1, made 
using CLC film fabrication methods of the present invention disclosed herein, showing that 
spectral wavelengths residing within the blue and green bands of the electromagnetic 
spectrum and having a LHCP state are strongly reflected from the subpixel structure, while 
spectral wavelengths residing within the red band and having a LHCP polarization state are 
weakly reflected from the layer (i.e. strongly transmitted therethrough); 
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Fig. 6J is a schematic representation graphically illustrating the actual spectral 
reflection characteristics of the "blue-green and red" subpixel regions in the CLC-based 
spectra! filtering structure depicted in Figs. 5 through 5B1, plotted against the spectral 
emission characteristics of a cold cathode tungsten backlighting structure, employable 
within the LCD panel assembly of the present invention; 

Fig. 7A is a chromaticity diagram for an actual LCD panel assembly constructed in 
accordance with Figs. 2 through 5C using the CLC-based spectral filtering structure 
specified by the spectral reflection and transmission characteristics shown in Figs. 6A 
through 61. indicating the color coordinates (CC) of a sample pixel structure on the panel at 
point C. and the color coordinates of the light source employed therein at point B for which 
the CC of the pixel structure is calculated, for purposes of computing the color purity of the 
pixel structures in LCD panel assembly: 

Fig. 7B is a chromaticity diagram for an actual LCD panel assembly constructed in 
accordance with Figs. 2 through 5C using the CLC-based spectral filtering structure 
specified by the spectral reflection and transmission characteristics shown in Figs. 6A 
through 6J. indicating the computed color gamut of each of the pixel structures in LCD 
panel assembly, plotted against the color gamut achieved by the pixels of a conventional 
LCD panel employing an absorptive-type spectral filtering structure; 

Fig. 7C is a schematic representation of the extinction ratio characteristics, plotted as 
a function of wavelength, for each pixel structure in the actual LCD panel assembly 
constructed in accordance with Figs. 2 through 5C using the CLC-based spectral filtering 
structure specified by the spectral reflection and transmission characteristics shown in Figs. 
6A through 6J; 

Fig. 7D1 is a chromaticity diagram for an actual LCD panel assembly constructed in 
accordance with Figs. 2 through 5C using the CLC-based spectral filtering structure 
specified by the characteristics shown in Figs. 6A through 6J. and an absorptive-type Jenmar 
film diffuser mounted on the spatial-intensity modulation panel of the assembly, in order to 
simulate the expected improvement in angular performance of the LCD panel assembly for 
spectral components in the blue-band, when the light condensing (i.e. quasi-collimating) 
film is installed between the light diffusing layer associated with the backlighting panel and 
the broad-band CLC-based reflective polarizer, and the light diffusing layer is mounted 
upon the broad-band analyzer of the spatial-intensity modulation panel, as indicated in Figs. 
2 through 2B; 

Fig. 7D2 is a chromaticity diagram for an actual LCD panel assembly constructed in 
accordance with Figs. 2 through 5C using the CLC-based spectral filtering structure 
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specified by the characteristics shown in Figs. 6A through 6J. and an absorptive-type Jenmar 
film diffuser mounted on the spatial-intensity modulation panel of the assembly, in order to 
simulate the expected improvement in angular performance of the LCD panel assembly for 
spectral components in the green-band, when the light condensing (i.e. quasi-collimating) 
film is installed between the light diffusing layer associated with the backlighting panel and 
the broad-band CLC-based reflective polarizer, and the light diffusing layer is mounted 
upon the broad-band analyzer of the spatial-intensity modulation panel, as indicated in Figs. 
2 through 2B; 

Fig. 7D3 is a chromaticity diagram for an actual LCD panel assembly constructed in 
accordance with Figs. 2 through 5C using the CLC-based spectral filtering structure 
specified by the characteristics shown in Figs. 6A through 6J. and an absorptive-type Jenmar 
film diffuser mounted on the spatial-intensity modulation panel of the assembly, in order to 
simulate the expected improvement in angular performance of the LCD panel assembly for 
spectral components in the red-band, when the light condensing (i.e. quasi-collimating) film 
is installed between the light diffusing layer associated with the backlighting panel and the 
broad-band CLC-based reflective polarizer, and the light diffusing layer is mounted upon 
the broad-band analyzer of the spatial-intensity modulation panel, as indicated in Figs. 2 
through 2B; 

Fig. 8A is a schematic representation illustrating a first method of fabricating the 
two-layer CLC-based spectral filtering structure shown in Figs. 5 through 5B2; 

Fig. 8B is a schematic representation of the final structure produced when using the 
first method of spectral filter fabrication illustrated in Fig. 8A; 

Fig. 8C is a schematic representation illustrating a second alternative method of 
fabricating the CLC-based spectral filtering structure shown in Figs. 5 through 5B2. wherein 
the subpixel structures of each pixel structure therein are arranged in a 3x1 array, and the 
order of the subpixel structures in neighboring pixel structures are periodically reversed to 
enable manufacturer of CLC layers having double-sized color-band reflection regions; 

Fig. 8D1 is a perspective schematic representation of a second illustrative 
embodiment of the CLC-based spectral filtering structure shown in Fig. 2. wherein the 
subpixel structures of each pixel structure therein are arranged in a 2x2 array; 

Fig. 8D2 is a schematic representation of one pixel structure in the first (i.e. bottom) 
CLC layer of the CLC-based spectral filtering structure of Fig. 8D1 . showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 
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Fig. 8D3 is a schematic representation of one pixel structure in the second (i.e. top) 
CLC layer of the CLC-based spectral filtering structure of Fig. 8D1 . showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 

Fig. 8D4 is a schematic representation of light output from the subpixel structures 
contained in one pixel structure in the CLC-based spectral filtering structure of Fig. 8D1; 

Figs. 9A through 9B. taken together, set forth a flow chart illustrating the steps 
involved when manufacturing the two-layer CLC-based spectral filter of Fig. 5; 

Fig. 10 is a schematic representation of a third illustrative embodiment of the CLC- 
based spectral filtering structure shown in Fig. 2, wherein each red subpixel structure therein 
is realized by a green-band reflecting region in the first CLC layer and a blue band reflecting 
region in the second CLC layer, wherein each green subpixel structure therein is realized by 
a band reflecting region in the first CLC layer and a clear band region in the second CLC 
layer, wherein each blue subpixel structure therein is realized by a red band reflecting region 
in the first CLC layer and a green-band reflecting region in the second CLC layer, and a 
green-blue band reflecting pattern and quarter-wave retardation surface thereover are 
provided beneath the first CLC layer in order to realize the broad-band inter-subpixel 
"white" reflective matrix-like pattern between neighboring subpixel regions; 

Fig. 10A is a schematic representation of an exemplary broad-band inter-subpixel 
"white" reflective matrix-like pattern formed about a single pixel structure (each comprising 
red-green and blue subpixel structures) disposed beneath the lower CLC-fiiter layer of the 
CLC-based spectral filtering structure depicted in Fig. 10; 

Fig. 11 is a schematic representation of a fourth illustrative embodiment of the CLC- 
based spectral filtering structure shown in Fig. 2, wherein each red subpixel structure therein 
is realized by a clear (non-reflecting) region in the first CLC layer and a blue-green band 
reflecting region in the second CLC layer, wherein each blue subpixel structure therein is 
realized bv a green-red band reflecting region in the first CLC layer and a clear (non- 
reflecting) region in the second CLC layer, wherein each green subpixel structure therein is 
realized bv a red band reflecting region in the first CLC layer and a blue-band reflecting 
region in the second CLC layer, and a broad-band reflecting pattern and quarter-wave 
retardation surface thereover are provided beneath the first CLC layer in order to realize the 
broad-band inter-subpixel "white" reflective matrix-like pattern between neighboring 
subpixel regions; 

Fig. 1 1 A is a schematic representation of an exemplary broad-band inter-subpixel 
"white" reflective matrix-like pattern formed about a single pixel structure (each comprising 
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red-green and blue subpixe! structures) disposed beneath the lower CLC-filter layer of the 
CLC-based spectral filtering structure depicted in Fig. 1 I ; 

Fig. I2A is a schematic representation illustrating a first method of fabricating the 
two-layer CLC-based spectral filtering structure shown in Figs. 1 1 and 1 1A; 

Fig. 12B is a schematic representation of the final structure produced when using the 
first method of spearal filter fabricating illustrated in Fig. 12A; 

Fig. 13 is a schematic representation of a fifth illustrative embodiment of the CLC- 
based spectral filtering structure shown in Fig. 2, wherein each red subpixel structure therein 
is realized by a clear (non-reflecting) region in the first CLC layer and a blue-green band 
reflecting region in the second CLC layer, wherein each blue subpixe! structure therein is 
realized by a green-red band reflecting region in the first CLC layer and a clear (non- 
reflecting) region in the second CLC layer, wherein each green subpixe! structure therein is 
realized bv a red band reflecting region in the first CLC layer and a blue-band reflecting 
region in the second CLC layer, and a broad-band inter-subpixel "white'* matrix-like pattern 
is integrally-embodied within the spectral filtering structure, between neighboring subpixel 
regions, by virtue of (i) the spatially-overlapping green-red band reflecting regions in the first 
CLC layer and the blue-green band reflecting regions in the second CLC layer, and also (ii) 
the spatially-overlapping green-red band reflecting regions in the first CLC layer and the 
blue band reflecting regions in the second CLC laver; 

Fig. 13A is a schematic representation of the 2-D spatial layout of an exemplary 
broad-band inter-subpixel "white" matrix-like pattern integrally-embodied within the CLC- 
based spectral filtering structure depicted in Fig. 13; 

Fig. 14 is a schematic representation illustrating a first method of fabricating the 
two-layer CLC-based spectral filtering structure shown in Fig. 13, 

Fig. 15 is a schematic representation illustrating a second alternative method of 
fabricating the two-layer CLC-based spectral filtering structure shown in Figs. 13 and 13A, 
which enables the realization of an integrally-embodied broad-band inter-subpixel "white" 
matrix-like pattern only among the subpixels of each pixel structure, but not between all 
neighboring pixel structures within the CLC-based spectral filtering structure; 

Fig. 1 6A is a perspective schematic representation of a sixth illustrative embodiment 
of the CLC-based spectral filtering structure shown in Fig. 2. wherein the subpixel structures 
of each pixel structure therein are arranged in a 2x2 array; 

Fig. 16B is a schematic representation of one pixel structure in the second (i.e. top) 
CLC layer of the CLC-based spectral filtering structure of Fig. 1 6A, showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 
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Fig. 16C is a schematic representation of one pixel structure in the first (i.e. bottom) 
CLC layer of the CLC-based spectral filtering structure of Fig. 1 6A. showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 

Fig. 1 6D is a schematic representation of light output from the subpixel structures 
contained in one pixel structure in the CLC-based spectral filtering structure of Fig. 1 6A; 

Fig. 17A is a perspective schematic representation of a seventh illustrative 
embodiment of the CLC-based spectral filtering structure shown in Fig. 2, wherein the 
subpixel structures of each pixel structure therein are arranged in a 2x2 array; 

Fig. 1 7B is a schematic representation of one pixel structure in the second (i.e. top) 
CLC layer of the CLC-based spectral filtering structure of Fig. 1 7A, showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 

Fig. 1 7C is a schematic representation of one pixel structure in the first (i.e. bottom) 
CLC layer of the CLC-based spectral filtering structure of Fig. 1 7A. showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 

Fig. 1 7D is a schematic representation of light output from the subpixel structures 
contained in one pixel structure in the CLC-based spectral filtering structure of Fig. 17A; 

Fig. 1 8A is a perspective schematic representation of a eighth illustrative 
embodiment of the CLC-based spectral filtering structure shown in Fig. 2, wherein the ^ 
subpixel structures of each pixel structure therein are arranged in a 2x2 array; 

Fig. 1 8B is a schematic representation of one pixel structure in the second (i.e. top) 
CLC layer of the CLC-based spectral filtering structure of Fig. 1 8A. showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 

Fig. 18C is a schematic representation of one pixel structure in the first (i.e. bottom) 
CLC layer of the CLC-based spectral filtering structure of Fig. 1 8A. showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 

Fig. 1 8D is a schematic representation of light output from the subpixel structures 
contained in one pixel structure in the CLC-based spectral filtering structure of Fig. 18A; 

Fig. 19A is a perspective schematic representation of a ninth illustrative embodiment 
of the CLC-based spectral filtering structure shown in Fig. 2, wherein the subpixel structures 
of each pixel structure therein are arranged in a 2x2 array; 

Fig. 19B is a schematic representation of one pixel structure in the second (i.e. top) 
CLC layer of the CLC-based spectral filtering structure of Fig. 19A. showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 
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Fig. I9C is a schematic representation of one pixel structure in the first (i.e. bottom) 
CLC .aver of the CLC-based spectra, filtering structure of Fig. , 9A . showing the ^ 
layout of the individual subpixel structures contained therein; 

Fig- I9D is a schematic representat.on of light output from the subpixel structures 
contamed in one pixel structure in the CLC-based spectra, n.tering structure of Fig 19A 

of th nr T 1 S ' PCrSPCCtiVC SthematiC rCpreSemati0n ° f 3 ™ h ive embodiment 

the CLC-based spectra, filtering structure shown in Fig. 2. wherein the subpixe. structures 
of each p.xel structure therein are arranged in a 2x2 array; 

Fig. 20B is a schematic representation of one pixe. structure in the second (i.e. top) 
CLC .aver of the CLC-based spectra, fi.tering structure of Fig. 20A. showng the 2-D spatia, 
layout of the individual subpixel structures contained therein; 

** is a schematic representation of one pixe, structure in the first (i.e. bottom) 
CLC .aver of the CLC-based spectra, fi.tering structure of Fig. 20A. showing the 2-D spatia. 
layout of the individual subpixel structures contained therein; 

Fig. 20D is a schematic representation of light output from the subpixe, structures 
contained in one pixel structure in the CLC-based spectra, fihering structure of Fig 20A- 

F-g. 21 A is a perspective schematic representation of a eJeventh illustrative 
embodiment of the CLC-based spectra, fi.tering structure shown in Fig. 2, wherein the 
subp,xe, structures of each pixel structure therein are arranged in a 2x2 arrav; 

Fig. 2,B is a schematic representation of one pixel structure in the second (i.e. top) 
CLC layer of the CLC-based spectral fihering structure of Fig. 2 1 A. showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 

Fig. 2I C is a schema,, representation of one pixe. structure in the first (i.e. bottom) 
CLC layer of the CLC-based spectra, filtering structure of Fig. 2 LA showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 

Fig. 21D is a schematic representation of light output from the subpixe, structures 
contamed in one pixe, structure in the CLC-based spectra, filtering structure of Fig 2 1 A- 

F.g. 22A is a perspective schematic representation of a twelfth illustrative 
embodiment of the CLC-based spectra, filtering structure shown in Fig. 2 wherein the 
subpixel structures of each pixel structure therein are arranged in a 2x2 arrav 

Fig. 22B is a schematic representation of one pixel structure in the second (i.e. top) 
CLC layer of the CLC-based spectra, fi.tering structure of Fig. 22A, showing the 2-D spat a. 
layout of the individual subpixel structures contained therein; 
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Fig. 22C is a schematic representation of one pixel structure in the first (i.e. bottom) 
CLC layer of the CLC-based spectral filtering structure of Fig. 22A, showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 

Fig. 22D is a schematic representation of light output from the subpixel structures 
contained in one pixel structure in the CLC-based spectral filtering structure of Fig. 22A; 

Fig. 23A is a perspective schematic representation of a thirteenth illustrative 
embodiment of the CLC-based spectral filtering structure shown in Fig. 2. wherein the 
subpixel structures of each pixel structure therein are arranged in a 2x2 array; 

Fig. 23B is a schematic representation of one pixel structure in the second (i.e. top) 
CLC layer of the CLC-based spectral filtering structure of Fig. 23A. showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 

Fig. 23C is a schematic representation of one pixel structure in the first (i.e. bottom) 
CLC layer of the CLC-based spectral filtering structure of Fig. 23A. showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 

Fig. 23D is a schematic representation of light output from the subpixel structures 
contained in one pixel structure in the CLC-based spectral filtering structure of Fig. 23A; 

Fig. 24A is a perspective schematic representation of a fourteenth illustrative 
embodiment of the CLC-based spectral filtering structure shown in Fig. 2. wherein the 
subpixel structures of each pixel structure therein are arranged in a 2x2 array; 

Fig. 24B is a schematic representation of one pixel structure in the second (i.e. top) 
CLC layer of the CLC-based spectral filtering structure of Fig. 24A. showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 

Fig. 24C is a schematic representation of one pixel structure in the first (i.e. bottom) 
CLC layer of the CLC-based spectral filtering structure of Fig. 24A. showing the 2-D spatial 
layout of the individual subpixel structures contained therein; 

Fig. 24D is a schematic representation of light output from the subpixel structures 
contained in one pixel structure in the CLC-based spectral filtering structure of Fig. 24A; 

Fig. 25 is a fifteenth illustrative embodiment of the CLC-based spectral filtering 
structure shown in Fig. 2 which is polarization independent, and wherein each blue subpixel 
structure therein is realized by a green-band RHCP reflecting region in the first CLC layer, a 
red-band RHCP reflecting region in the second CLC layer, a green-band LHCP reflecting 
region in the third CLC layer, and a red-band LHCP reflecting region in the fourth CLC 
layer, wherein each green subpixel structure therein is realized by a blue-band RHCP 
reflecting region in the first CLC layer, a red-band RHCP reflecting region in the second 
CLC layer, a blue-band LHCP reflecting region in the third CLC layer and a red-band LHCP 
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reflecting region in the fourth CLC layer, and wherein each red subpixel structure therein is 
realized by a blue-band RHCP reflecting region in the first CLC layer, a green-band RHCP 
reflecting region in the second CLC layer, a blue-band LHCP reflecting region in the third 
CLC layer, and a green-band LHCP reflecting region in the fourth CLC laver; 

Fig. 26 is a sixteenth illustrative embodiment of the CLC-based spectral filtering 
structure shown in Fig. 2 which is polarization independent, and wherein each red subpixel 
structure therein is realized by a clear (i.e. non-reflecting) region in the first CLC layer, a 
blue-green-band RHCP reflecting region in the second CLC layer, a clear non-reflecting 
region in the third CLC layer, and a blue-green band LHCP reflecting region in the fourth 
CLC layer, wherein each blue subpixel structure therein is realized by a green-red band 
RHCP reflecting region in the first CLC layer, a clear non-reflecting region in the second 
CLC layer, a green-red band LHCP reflecting region in the third CLC laver, and a clear non- 
reflecting region in the fourth CLC layer, and wherein each green subpixel structure therein 
is realized by a red-band RHCP reflecting region in the first CLC layer, a blue-band RHCP 
reflecting region in the second CLC layer, a red-band LHCP reflecting region in the third 
CLC layer, and a blue-band LHCP reflecting region in the fourth CLC layer, and wherein a 
inter-subpixel "white" reflective matrix-like pattern is integrally-embodied within the 
spectral filtering structure, between neighboring red and blue subpixel regions by virtue of 
(i) the spatially-overlapping green-red band RHCP reflecting regions in the first CLC layer 
and the blue-green band RHCP reflecting regions in the second CLC layer, (ii) the spatially- 
overlapping blue-green band RHCP reflecting regions in the second CLC laver and the 
green-red band LHCP reflecting regions in the third CLC layer, and (iii) the spatiailv- 
overiapping green-red band LHCP reflecting regions in the third CLC layer and the blue- 
green band LHCP reflecting regions in the fourth CLC layer, between the red and blue 
subpixel regions, and between neighboring blue and green subpixel regions bv virtue of (i) 
the spatially-overlapping green-red band RHCP reflecting regions in the first CLC layer and 
the blue band RHCP reflecting regions in the second CLC layer, (ii) the spatially- 
overlapping blue band RHCP reflecting regions in the second CLC laver and the green-red 
band LHCP reflecting regions in the third CLC layer, and (iii) the spatiallv-overiapping 
green-red LHCP band reflecting regions in the third CLC layer and the blue band LHCP 
reflecting regions in the fourth CLC layer; 

Fig. 27 is a seventeenth illustrative embodiment of the CLC-based spectral filtering 
structure shown in Fig. 2 which is polarization independent, and wherein each blue subpixel 
structure therein is realized by a red-band RHCP reflecting region in the first CLC layer, a 
green-band RHCP reflecting region in the second CLC layer, a red-band LHCP reflecting 
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region in the third CLC layer, and a green-band LHCP reflecting region in the fourth CLC 
layer, wherein each red subpixel structure therein is realized by a blue-band RHCP reflecting 
region in the first CLC layer, a green-band RHCP reflecting region in the second CLC layer, 
a blue-band LHCP reflecting region in the third CLC layer and a green-band LHCP 
reflecting region in the fourth CLC layer, and wherein each green subpixel structure therein 
is realized by a blue-band RHCP reflecting region in the first CLC layer, a red-band RHCP 
reflecting region in the second CLC layer, a blue-band LHCP reflecting region in the third 
CLC layer, and a red-band LHCP reflecting region in the fourth CLC layer; 

Fig. 28 is an eighteenth illustrative embodiment of the CLC-based spectra! filtering 
structure shown in Fig. 2 which is polarization independent, and wherein each blue subpixel 
structure therein is realized by a green-band RHCP reflecting region in the first CLC layer, a 
red-band RHCP reflecting region in the second CLC layer, a green-band LHCP reflecting 
region in the third CLC layer, and a red-band LHCP reflecting region in the fourth CLC 
layer, wherein each green subpixel structure therein is realized by a green-band RHCP 
reflecting region in the first CLC layer, a red-band RHCP reflecting region in the second 
CLC layer, a blue-band LHCP reflecting region in the third CLC layer and a red-band LHCP 
reflecting region in the fourth CLC layer, and wherein each red subpixel structure therein is 
realized by a blue-band RHCP reflecting region in the first CLC layer, a green-band RHCP 
reflecting region in the second CLC layer, a blue-band LHCP reflecting region in the third 
CLC layer, and a green-band LHCP reflecting region in the fourth CLC layer; 

Fig. 29 is a cross-sectional view of a portion of a second illustrative embodiment of 
the generalized LCD panel assembly shown in Fig. 2; 

Fig. 29A is a schematic representation of a first illustrative embodiment of a single- 
layer CLC-based spectral filtering structure which can be employed in the LCD panel 

assembly shown in Fig. 2; 

Fig. 30A1 is a schematic representation of an exploded, cross-sectional view of an 
exemplar pixel structure within the LCD panel of Fig. 29. wherein the spatial-intensity 
modulating elements of the LCD panel are realized using linear-type polarization rotating 
elements, and the pixel driver signals provided thereto are selected to produce "bright- 
output levels at each of the RGB subpixels of the exemplary pixel structure; 

Fig. 30A2 is a schematic representation of an exploded, cross-sectional view of an 
exemplary pixel structure within the second particular embodiment of the generalized LCD 
panel of Fig. 2, wherein the spatial-intensity modulating elements of the LCD panel are 
realized using linear-type polarization rotating elements, and the pixel driver signals 
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provided thereto are selected to produce "dark" output levels at each of the RGB subpixels 
of the exemplary pixel structure; 

Fig. 30B is a schematic representation graphically illustrating ideal reflection 
charaaeristics for the broad-band linearly polarizing (LHPl ) reflective panel of the LCD 
panel of Figs. 30A1 and 30A2. indicating how such a broad-band linearly polarizing panel 
responds to incident illuminating having linear polarization state LPJ ; 

Fig. 30C is a schematic representation graphically illustrating ideal reflection 
charaaeristics for the broad-band linearly polarizing (LP2) refleaive panel of the LCD panel 
of Figs. 30A1 and 30A2. indicating how such a broad-band linearly polarizing panel 
responds to incident illuminating having linear polarization state LP2; 

Fig. 30D is a schematic representation graphically illustrating ideal refleaion 
characteristics for the pass-band linearly polarizing (LP2) reflective filter element associated 
with each "blue" subpixel of the LCD panel of Figs. 30A1 and 30A2. indicating how such a 
non-absorbing spectral filter element responds to incident broad-band illumination having 
linear polarization state LP2; 

Fig. 30E is a schematic representation graphically illustrating ideal reflection 
charaaeristics for the pass-band linearly polarizing (LP2) reflective filter element associated 
with each "green" subpixel of the LCD panel of Figs. 30A1 and 30A2. indicating how such a 
non-absorbing spectral filter element responds to incident broad-band illumination having 
linear polarization state LP2; 

Fig. 30F is a schematic representation graphically illustrating ideal reflection 
charaaeristics for the pass-band linearly polarizing (LP2) reflective filter element associated 
with each "red" subpixel of the LCD panel of Figs. 30A1 and 30A2. indicating how such a 
non-absorbing spectral filter element responds to incident broad-band illumination having 
linear polarization state LP2; 

Fig. 31 is an exploded schematic diagram of the second generalized LCD panel 
construaion of the present invention comprising (i) its backlighting structure realized bv a 
quasi-specular refleaor, a light guiding panel, a pair of edge-illuminating light sources, a' 
light condensing film, and broad-band polarizing reflective panel, (ii) its spatial-intensitv 
modulating array realized as an array of elearonically-controlled polarization rotating ' 
elements and a broad-band polarizing reflective panel, and (iii) its arrav of spearal filtering 
elements realized as an array of pass-band polarizing reflective elements and a polarization- 
state preserving light diffusive film layer disposed thereon to improve the viewing angle of 
the svstem; 
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Fig. 31 A is a perspective, partially broken away view of the LCD panel shown in Fig. 
29, showing the electronically-controlled polarization rotating elements associated with a 

pixel structure thereof; 

Fig. 31 Al is a schematic representation of an exploded, partially cut-away cross- 
sectional view of a first illustrative embodiment the second generalized CLC-based LCD 
panel assembly shown in Fig. 31, wherein the spatial-intensity modulating panel is disposed 
between the backlighting structure and the spectral filtering structure of the system and the 
spatial-intensity modulating elements employed therein are realized using circularly-type 
polarization rotating elements, and the pixel driver signals provided thereto are selected to 
produce "bright" output levels at each of the RGB subpixels of the exemplary pixel 
structure; 

Fig. 31A2 is a schematic representation of the LCD panel shown in Fig. 31A1. 
wherein the pixel driver signals provided thereto are selected to produce "dark" output levels 
at each of the RGB subpixels of the exemplary pixel structure; 

Fig. 31B is a schematic representation graphically illustrating ideal reflection 
characteristics for the broad-band circularly polarizing (LHCP) reflective panel of the LCD 
panel of Figs. 31A1 and 31A2, indicating how such a broad-band circularly polarizing panel 
responds to incident illuminating having circular polarization state LHCP; 

Fig. 31C is a schematic representation graphically illustrating ideal reflection 
characteristics for the broad-band circularly polarizing (RHCP) reflective panel of the LCD 
panel of Figs. 3 1 Al and 3 1 A2, indicating how such a broad-band circularly polarizing panel 
responds to incident illuminating having circular polarization state RHCP; 

Fig. 31 D is a schematic representation graphically illustrating ideal reflection 
characteristics for the pass-band circularly polarizing (LHCP) reflective filter element 
associated with each "blue" subpixei of the LCD panel of Figs. 3 1 Al and 3 1 A2. indicating 
how such a non-absorbing spectral filter element responds to incident broad-band 
illumination having circular polarization state LHCP; 

Fig. 31 E is a schematic representation graphically illustrating ideal reflection 
characteristics for the pass-band circularly polarizing (LHCP) reflective filter element 
associated with each "green" subpixei of the LCD panel of Figs. 3 1 Al and 3 1 A2. indicating 
how such a non-absorbing spectral filter element responds to incident broad-band 
illumination having circular polarization state LHCP; 

Fig. 31 F is a schematic representation graphically illustrating ideal reflection 
characteristics for the pass-band circularly polarizing (LHCP) reflective filter element 
associated with each "red" subpixei of the LCD panel of Figs. 31A1 and 31A2. indicating 
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how such a n„n-absorb,ng spearal filrer element respond, IO inddc „, 
illumination having circular polarization siatc LHCP; 

Fig- 32AI is a thematic representation of an exploded, paniallv cufawav cross- 
section*, view of a se ro „d i, luslraIive embajimcm , he ^ ^ ^ 

assemb.y shown i„ Fig. 3,. wherein , hc spaIial , ntenslty ^ ^ > 

between the backing srruczum and lhe !pec , ra , ^ ^ rf ^ ^ 

spatiaMnrenairy modulating elements employed therein arc realized using lineacvpe 
polarization rora.ing elemenrs. and the pixe , dr , yer signals ^ ^ ^ ^ 
produce -bright- oulpu , , cvcls « each of tlK RCB subpi>e|s of ^ 
structure; 



% 32A2 is a schematic representation of the LCD panel shown in Fig 32A, 
wherein the S paUa,,„,e„ s „v mod„,a,ing elements of the LCD panel are realized using 
Imear-type po,ariza,i„„ rotating Cements, and the piae, driver signals provided lhereto 
seleced ,„ produce -dark" output ,. vels a , each of , he RCB ^ rf ^ 



Fig. 32B i, a schematic representation graphically illustrating lhe re „ mlon 
characteristic, of the firs, broadband lineaHy po,a ri2i „ g (LPI , reflect|vc 
pane, of Figs. 32A, ami 32A2. indicating how such a broad-band ,,ncar,v polarizing 
reflect pane, responds ,„ incident i„ U mi„ alj „g having „ nea , ^ ^ _ 

Fig. 32C ,s a schematic representation graphically illustrating Ine reflection 
characteristics of the scx-ond broadband linearly polarizing ft,, , rf 
LCD pane, of Figs. 32A, and 32A2. ,„dic at i„g how such a broad-band lineazlv polarizing 
reflective pane, responds to incident illuminating having ,i„ear p„,a r iz at i on slaK , P2 . 

Fig 32D ,s a schematic representation graphically illustrating the reflection 
civics „, ,he pas ,b a „ d linM „ y polari2i „ g (Lp2) reflKtive film eiemem ^ 

wrth each blue- subniae, of the LCD pane, of Figs. 32A1 and 32A2. indicating how such a 
non-absorbingspecra, filte, elemen, responds ,„ inciucm broad . ba „ d 
linear polarization state LP2; 

Fig. 32E is a schemaric representation graphically illustrating ,hc reflection 
charactcHsrics of the pass-band hnearly poking (LP2) refleczive filter elemen, asaociared 
tvtth each green" subpiae, „f ,he LCD pane, of Figs. 32A, and 32A2. indicating how such a 
nomabsorbing spectra, fiher element responds ,0 incident bnoad-band illummation having 
linear polarization state LP2; 

Fig- 32F is a schematic representation graphically illustrating , he , cf | ccti o„ 
characteristics of the pass-banO lineaHv polanzing (LP2) reflective fiher Cement associated 
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with each "red" subpixel of the LCD panel of Figs. 32A1 and 32A2. indicating how such a 
non-absorbing spectral filter element responds to incident broad-band illumination having 
linear polarization state LP2; 

Fig. 33 is a schematic representation of an exploded, partially cut away cross- 
sectional view of an alternative embodiment of the LCD panel construction shown in Figs. 
3A1 and 3A2. wherein the spatial-intensity modulating elements of the LCD panel are 
realized using circular-type polarization rotating elements, the pixel driver signals provided 
thereto are selected to produce "bright" output levels the red and blue subpixels of the 
exemplary pixel structure and a "dark" output level at the green subpixel level, and a broad- 
band absorptive linear polarizer is used in conjunction with each broad-band polarizing 
reflective panel in the LCD panel in order to provide improved image contrast in the images 

displayed therefrom 

Fig. 34 is a schematic representation of an exploded, partially cut away cross- 
sectional view of an alternative embodiment of the LCD panel construction shown in Figs. 
30A1 and 30A2. wherein the spatial-intensity modulating elements of the LCD panel are 
realized using linear-type polarization rotating elements, the pixel driver signals provided 
thereto are selected to produce "bright" output levels the red and blue subpixels of the 
exemplary pixel structure and a "dark" output level at the green subpixel level, and a broad- 
band absorptive linear polarizer is used in conjunction with each broad-band polarizing 
reflective panel in the LCD panel in order to provide improved image contrast in the images 

displayed therefrom; 

Fig. 35 is a schematic representation of an exploded, partially cut away cross- 
sectional view of an exemplary pixel structure within an alternative embodiment of the LCD 
panel construction shown in Figs. 32A1 and 32A2. wherein the spatial-intensity modulating 
elements of the LCD panel are realized using linear-type polarization rotating elements, the 
pixel driver signals provided thereto are selected to produce "dark" output levels at the red 
and blue subpixels of the exemplary pixel structure and a "bright" output level at the green 
subpixel level, and a broad-band absorptive linear polarizer is used in conjunction with each 
broad-band polarizing reflective panel in the LCD panel in order to provide improved image 
contrast in the images displayed therefrom; 

Fig. 36 is a schematic representation of an exploded, partially cut away cross- 
sectional view of an alternative embodiment of the LCD panel construction shown in Figs. 
31A1 and 31A2. wherein the spatial-intensity modulating elements of the LCD panel are 
realized using circular-type polarization rotating elements, the pixel driver signals provided 
thereto are selected to produce "dark" output levels the red and blue subpixels of the 
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exemplary pixel structure and a "bright" output .eve. at the green subpixel level, and broad- 
band absorptive circular polarizer is used in conjunction with each broad-band polarizing 
reflective pane, in the LCD pane, in order to provide improved image contrast in images 
displayed therefrom; 

Fig. 37A is a schematic representation of a direct-view type image displav svstem 
wherein any one of the LCD pane, assemblies of the present invention may be embodied: 

Fig. 37B is a schematic representation of a project ion-tvpe image displav svstem 
wherein any one of the LCD pane, assemblies of the present invention mav be embodied: 
Fig. 38 is a schematic representation of a portable color image projection svstem in 
the form of a laptop computer, wherein a plurality of conventional backlighting structures 
are cascaded together and mounted to the rear portion of an LCD pane, according to the 
present invention in order to provide an LCD pane, assembly that can be mounted within 
the display portion of the system housing and project bright images onto a remote surface 
wrthout the use of an external light source or a rear opening in the disp.av portion of the 
housing, for projecting light therethrough during its projection-viewing mode of operation: 
Fig. 39 is a first CLC-based spectral filtering device constructed in accordance with 
the present invention, for producing spectrally filtered patterns of linearlv polarized light 
from a source of white unpolarized light, wherein each red subpixel structure therein is 
realized by a clear (non reflecting) region in the first CLC laver and a green-blue band 
reflecting region in the second CLC layer, wherein each green subpixel structure therein is 
reahzed by a red band reflecting region in the first CLC layer and a blue reflecting region in 
the second CLC layer, wherein each blue subpixel structure therein is realized bv a red-green 
band reflecting region in the first CLC layer and a dear (non-reflecting) region in the second 
CLC layer, and wherein a green-blue band reflecting pattern and quarter-wave retardation 
surface thereover are provided beneath the first CLC .aver in order to realize the broad-band 
inter-subpixe. white" reflective matrix-.ike pattern between neighboring subpixel regions; 

Fig. 40 is a second CLC-based spectra, fi.tering device constructed in accordance 
with the present invention, for producing speara.lv filtered patterns of linearlv polarized 
light from a source of white unpolarized light, wherein each blue subpixel structure therein 
is realized by a red-band reflecting region in the first (i.e. lower) CLC laver and a green band 
reflecting region in the second CLC .aver, wherein each green subpixe. structure therein is 
reahzed by a red band reflecting region in the first CLC laver and a b.ue band reflecting 
region in the second CLC .aver, wherein each red subpixe. structure therein is realized bv a 
green band reflecting region in the first CLC .aver and a blue-band reflecting region in the 
second CLC layer, and wherein a green-blue band reflecting pattern and quarter-wave 



WO 00/70400 . 33 _ PCT/US00/13562 

retardation surface thereover are provided beneath first CLC laver in order to realize the 
broad-band inter-subpixel "white" reflective matrix-like pattern between neighboring 
subpixel regions: and 

Fig. 41 is a third CLC-based spectral filtering device constructed in accordance with 
the present invention, for producing spectrally filtered patterns of lincarlv polarized light 
from a source of white unpolarized light, wherein each red subpixel structure therein is 
realized by a clear (non- reflecting) region in the first CLC layer and a blue-green band 
reflecting region in the second CLC layer, wherein each blue subpixel structure therein is 
realized by a green-red band reflecting region in the first CLC laver and a clear (non- 
reflecting) region in the second CLC layer, wherein each green subpixel structure therein is 
realized by a red band reflecting region in the first CLC layer and a blue-band reflecting 
region in the second CLC layer, and wherein a broad-band reflecting pattern and quarter- 
wave retardation surface thereover are provided beneath the first CLC laver in order to 
realize the broad-band inter-subpixel "white" reflective matrix-like pattern between 
neighboring subpixel regions. 

BEST MODES FOR CARRYING OUT THE PRESENT INVENTION 

Referring now to the figures in the accompanying Drawings, the illustrative 
embodiments of the present invention will now be described in detail, wherein like 
structures and elements shown within the figures are indicated with like reference numerals. 

Systemic Light Recydi m; Within The LCD Panel Of The Present Invention 

The light transmission efficiency of prior art LCD panels has been severelv degraded 
as a result of the following factors: absorption of light energy due to absorption -type 
polarizers used in the LCD panels; absorption of light reflected off thin-film transistors 
(TFTs) and wiring of the pixelated spatial intensity modulation arrays used in the LCD 
panels; absorption of light by pigments used in the spectral filters of the LCD panels; 
absorption of light energy by the black-matrix used to spatially separate the subpixel filters 
in the LCD panel in order to enhance image contrast; and Fresnel losses due to the 
mismatching of refractive indices between layers within the LCD panels. As a result of such 
light energy losses, it has been virtually impossible to improve the light transmission 
efficiency of prior art LCD panels beyond about 5%. 
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The LCD panel of the present invention overcomes each of the above drawbacks by 
emploving a novel scheme of "systemic light recycling" which operates at ail levels of the 
LCD svstem in order to avoid the light energy losses associated with prior art LCD panel 
designs, and thereby fullv utilize nearly 100% of the light energy produced by the 
backlighting structure thereof. While the details of this novel systemic light recycling 
scheme will be hereinafter described for each of the illustrative embodiments, it will be 
appropriate at this juncture to briefly set forth the principles of this systemic light recycling 
scheme. 

In each of the embodiments of the present invention, a single polarization state of 
light is transmitted from the backlighting structure to those structures (or subpanels) of the 
LCD panel where spatial intensity modulation and spectral filtering function of the 
transmitted polarized light simultaneously occurs on a subpixel basis and in a functionally 
integrated manner. At each subpixel location, spectral bands of light which are not 
transmitted to the display surface during spectral filtering are reflected without absorption 
back along the projection axis into the backlighting structure where the polarized light is 
recycled with light energy being generated therewith and then retransmitted from the 
backlighting structure into section of the LCD panel where spatial intensity modulation 
and spectral filtering of the retransmitted polarized light simultaneously occurs on a 
subpixel basis in a functionally integrated manner. At each subcomponent level within the 
LCD panel, spectral components of transmitted polarized light which are not used at any 
particular subpixel structure location are effectively reflected cither directly or indirectly 
back into the backlighting structure for recycling with other spectral components for 
retransmission through the backlighting structure at the operative polarization state, for 
reuse bv both the same and neighboring subpixel structures. The mechanics of this novel 
systemic light recycling scheme are schematically illustrated in Figs. 3A1, 3A2, 30A1, 30A2, 
31A1. 31A2, and 32A1 and 32A2, and will be described in greater detail hereinafter. By 
virtue of this novel svstemic light recycling scheme of the present invention, it is now 
possible to design and construct LCD panels that can utilize produced backlight with nearly 
100% light transmission efficiency, in marked contrast with prior art LCD panels having 
efficiencies of about 5%. 

In the first generalized LCD panel construction shown in Fig. 2, spectral filtering 
occurs before spatial intensity modulation. In the first illustrative embodiment of this 
generalized LCD panel construction shown in Figs. 2B through 3F, circular polarization 
techniques are used to carry out the spatial intensity modulation and spectral filtering 
functions employed therein. In the second illustrative embodiment of this generalized LCD 
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panel construction shown in Figs. 29 through 30F. linear polarization techniques are used to 
carry out the spatial intensity modulation and spectral filtering functions employed therein. 
In each such illustrative embodiment, modifications will be made among the various 
components of the generalized LCD panel construction shown in Fig. 2. Details regarding 
such modifications will be described hereinafter. 

In the second generalized LCD panel construction shown in Fig. 31 . spectral filtering 
occurs after spatial intensity modulation. In the first illustrative embodiment of this 
generalized LCD panel construction shown in Figs. 31A1 through 3 IF, circular polarization 
techniques are used to earn' out the spatial intensity modulation and spectra! filtering 
functions employed therein. In the second illustrative embodiment of this generalized LCD 
panel construction shown in Figs. 32A1 through 32F, linear polarization techniques are used 
to carry out the spatial intensity modulation and spectral filtering functions employed 
therein. 

LCD Imaee Disnlav System of First Generalized Embodimen t of the Present Invention 

In Fig. 2, the subcomponent structure of the first generalized embodiment of the 
LCD panel hereof is shown in great clarity. As shown, the first generalized embodiment of 
the LCD panel 2 comprises: a backlighting structure 7 including a quasi-diffusive reflector 
7 A, for producing a plane of broad-band light having a substantially uniform light intensity 
over the x and y coordinate axes thereof; a light diffusive panel 410 for ensuring uniform 
spatial intensity of light across the surface of the LCD panel assembly; a light condensing 
(i.e. quasi-eoliimating) film 400 (e.g. realized using refractive or diffractive technology) for 
ensuring that the light rays output therefrom are directed within a cone of about +/- 20 or 
so degrees from the normal vector drawn thereto; a broad-band CLC polarizing reflective 
panel 8; a pixelated array of polarizing reflective spectral filter elements 10. for spectral 
filtering of light produced from the backlighting structure; a pixelated array of polarization 
direction rotating elements 9 for spatial intensity modulation of light produced from the 
backlighting structure; a broad-band polarizing reflective panel 1 1 for cooperative operation 
with the pixelated array of polarization direction rotating elements 9 and the pixelated array 
of polarizing reflective spectral filter elements 10; and a polarization-state preserving light 
diffusive film laver 420 for scattering light over a broad range of angles so improve the 
viewing angle performance from the display screen of the LCD panel. In an alternative 
embodiment, a broad-band absorptive-type panel can be substituted for broad-band 
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polarizing reflective panel I , in order to reduce glare due to ambient light incident upon the 
LCD panel during operation. 

In order to produce high-resolution color images, the spatial period of the pixela.ed 
arrays 9 and 10 is selected to be relatively small in relation to the overall length and height 
dimensions of the LCD pane.. In a conventional manner, each pixel structure in the LCD 
panel is comprised of a red subpixel 13A. a green subpixel 13B and blue subpixel 13C. as 
illustrated in Fig. 2A. As shown therein, each red subpixel structure 13A comprises a red- 
band polarizing reflective spectral filtering element 10A which is spatialiv registered with a 
first polarization direction rotating element 9A Each green subpixel structure 13B 
comprises a green-band polarizing reflective spectral filtering element 1 0B spatially 
registered with a second polarization direction rotating element 9B. Each blue subpixel 
element 13C comprises a blue-band polarizing reflective spectral filtering element 10C 
spatialiv registered with a third polarization direction rotating element 9C. 

The output intensity (i.e. brightness or darkness level) of each red subpixel structure 
is controlled by applying pulse-width modulated voltage signal V K to the electrodes of its 
elearically-controlled spatialiv intensity modulating element. The output intensity of each 
green subpixel structure is controlled by applying pulse-width modulated voltage signal V c 
to the electrodes of its elearically-controlled spatialiv intensity modulating element. The 
output intensity of each blue subpixel structure is controlled by providing pulse-width 
modulated voltage signal V B applied to the electrodes of its elearically-controlled spatialiv 
intensity modulating element. By simply controlling the width of the above-described 
voltages V R . V c> V B . the grey-scale intensity (i.e. brightness) level of each subpixel struaure 
can be controlled in a manner well known in the LCD panel art. 

In the first illustrative embodiment shown in Fig. 2B through 7D3, the backlighting 
struaure 7 is realized by a pair of cold-cathode tungsten filament tubes 7C1 and 7C2 
directing light through a Plexiglas panel having a light-leaking surface known in the an and 
a light diffusive film 400 for rendering the spatial light intensity uniform across the surface 
of the pane, in a manner known in the art. For illustration purposes, the spectral emission 
charaaeristics of the tungsten light sources are taken to be those set forth in Fig. 1C. 
Understandably, there are other techniques for producing a plane of unpolarized light for 
use in conneaion with the LCD panel of the present i nvention. 
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In the illustrative embodiment shown in Figs. 2B and 2B1 , a light condensing film 
410 is applied to the surface of the light diffusive film 400 so that the light rays output from 
the light condensing film 410 are condensed (e.g. focused) within a cone of light rays 
confined to about 15-20 degrees about the normal vector drawn to the broad-band CLC 
reflective polarizing panel 8, without absorbing or otherwise dissipating the light during 
condensing operations. Notably, it is not necessary for the light condensing film to be a 
perfect collimator in order to ensure that (i) light rays of a particular polarization state, 
incident the broad-band CLC reflective polarizer 8, are transmitted therethrough with 
reduced polarization distortion, and that (ii) light rays incident the CLC-based spectral 
filtering structure are transmitted therethrough with minimal wavelength shifting as a 
function of viewing angle, associated with prior art CLC-based LCD panel designs. While it 
is preferred that the cone of light rays from each point on the light condensing film 410 be 
confined to about 15-20 degrees from the normal vector, it is understood that the degree of 
actual light condensation in any particular LCD panel design will take into consideration 
factors including the total thickness of the individual components as well as the total 
thickness of the LCD panel so that directly transmitted and recycled light rays fall incident 
upon the CLC-based spectral filtering structure so that viewing-angle dependent wavelength 
shifting effects will be minimized. Complex ray tracing models of the light rays propagating 
within the CLC-based LCD panel construction under design can be constructed and used to 
arrive at optimal levels of light condensing in any particular embodiment of the present 
invention. 

In general, micro-lens arrays or other light refractive film structures having light 
condensing powers without significant energy absorption, can be used to realize the light 
condensing film 410 disposed between the light diffusive layer 400 and the broad-band CLC 
reflective polarizer 8. In such embodiments, the spatially period of the micro-lens array 
should have a substantially greater spatial period than the spatial period of the subpixel 
structures of the CLC-based spectral filtering structure 10. Alternatively, the non-absorbing 
light condensing film or optical element 410 can also be realized using transmission-type 
volume holograms as well as other light diffractive optical elements (DOEs) which can 
condense a spatial distribution of light on a super-subpixel basis, without absorbing energy 
contained therein. 

As shown in Fig. 4, the super-wide-angle CLC-based reflective broadband polarizing 
panel (i.e. un-pattemed film) 8 is provided with several phase compensation layers 140 and 
160 attached to the top of the right-handed CLC broadband polarizer 120 facing its long 
pitch side. As will be described in detail below, the function of these compensation layers is 
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to ensure that polarized light transmitted by the broad-band CLC polarizing panel 8 does 
not contain orthogonal light components which result in significant distortion with the LCD 
panel assembly due to the fact that light rays, incident the broad-band CLC reflective 
polarizing panel are not substantially normal or perpendicular to the surface thereof. This 
compensated configuration acts as a super-wide-angle circular analyzer in both transmission 
and reflection modes. An adhesive 900 with an index of refraction for matching the index of 
refraction for layers 1 20 and 1 40 is used to increase the optical efficiency of the super-wide- 
angle CLC based reflective broadband circular polarizing film 8. A similar adhesive 910 is 
used between the layers 140 and 160. 

As shown in Fig. 4, compensating layer 1 60 is a homeotropic film having its 
molecules lined up with the long axes perpendicular to the surface of the layer as shown in 
microscopic view 1 70. Homeotropic layers can be uniaxial films with vertical optical axis, 
low molecular weight liquid crystal films, or polvmenzable liquid crystal films. Homeotropic 
layer J 60 changes the incident circularly polarized light to elliptical with ± 45-degree major 
axis orientation. Layer 1 40 is an infrared (IR) CLC layer with a helical structure having an 
axis perpendicular to the surface of layer 140. The pitch of the IR CLC film is outside the 
reflection band of the broadband polarizer. The CLC film can be any low molecular CLC 
material, polymerizable CLC material, or material with chiral structure, having constant or 
variable pitch in the IR region. The CLC material will reflect IR and transmit all other 
frequencies. The IR CLC layer 1 40 rotates the major axis and changes the shape of the 
ellipse so that the polarization state coincides with the eigen-state of the broadband 
polarizer 120. As Figs. 4A through 4D show, with the configuration in Fig. 4, right-handed 
circular light is completely reflected, and left-handed circular light is completely transmitted 
for incident angles up to at least 70 degrees for the entire visible range. Therefore, the CLC- 
based structure shown in Fig. 4 functions as a super-wide-angle CLC analyzer operating in 
both transmission and reflection modes. For normal or small angles of incidence 6, the 
transmitted left-handed circular polarized light 220" and refleaed right-handed circularly 
polarized light 210" are approximately the same as without compensating layers 140 and 
160 as Figs. 4A through 4D show, thus preserving the good behavior at small angles. For 
large angles of incidence 9. the eigen-states of the broadband polarizer 120 are elliptical, and 
thus right-handed circular light 2 10 is partially reflected, and left-handed circular light 220 
is partially refleaed. Compensating layers 140 and 160 change the incident left-handed 
circular (right-handed circular) light to an elliptical state that is completely transmitted 
(refleaed) from the polarizer 120. 
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The CLC-based structure shown in Fig. 4 also acts as a super-wide-angle CLC 
polarizer operating in reflection mode. Unpolarizcd light remains unpolarized when passing 
through lavcrs 160 and 140. For incident light 200 normal or near normal to the surface, 
the light 210' reflected from the broadband polarizer 120 is circularly polarized, and it will 
pass practically unchanged through layers 140 and 160. As before with the uncompensated 
RH CLC broadband polarizer 120. normal or near normal light will be reflected as light 
210" and transmitted as light 220" with values close to the uncompensated light 210* and 
220' which are both circularly polarized with opposite handedness. 

For incident light 200 at larger angles of incidence, as shown on the left-hand 
portion of Fig. 4. unpolarizcd incident light emerges from homeotropic layer 160 as light 
200 E , which is still unpolarized light, it then passes through 1R CLC layer 140 and emerges 
as light 200 E2 . which is still unpolarized light in the visible region. As before, the light is 
polarized at the right-handed CLC broadband polarizer 120. However, as light 310^ is a 
mixture of right-handed and left-handed circularly polarized light passes through IR CLC 
layer 140. it will be acted on and transformed by rotating the major axis to ±45 degrees 
emerging as 310' El . Preferably, the IR CLC layer should be left-handed when combined 
with a right-handed broadband polarizer, or the order of the two compensation films should 
be reversed. The light then enters homeotropic layer 160 where it is converted into 
circularly polarized light emerging as light 310'. 

Figs. 4A through 4D graphically show the transmittance of the right-handed 2 1 0 and 
left-handed circularly polarized light 220 at different angles of incidence for the CLC 
broadband polarizer 120. Figs. 4A through 4D also shows the comparative transmittance 
compensated by compensation layers 140 and 160. Compensation films 140 and 160 are 
used to correct for the distortions at large angles of incidence while retaining the 
characteristics of undistorted light at normal incidence and small angles of incidence. 

Figs. 4A through 4D show that when white visible light is used as the unpolarized 
light 200, the reflected beam 210" for low incident angles and beam 31 0'c for large incident 
angles, as seen through a perfect circular analyzer, of the super-wide-angle CLC based 
broadband circular polarizer, as shown in Fig. 4. is about 50% showing that it is a good 
polarizer in reflection mode all across the visible spectrum for angles up to at least 70 
degrees. As described above, the incident light 200 on the helixes 130 of the CLC 
broadband polarizer 120, when at large angles of incidence, sees an elliptical cross section 
and not a circular cross section as light normal to the surface would see. Therefore, at 
oblique incident angles the eigen-states of the uncompensated broadband polarizer 120 are 
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not circular but elliptical, and the role of the compensation films for the polarizer in 
reflection mode is to convert the ellipticallv polarized reflected light 310' back to circular. 

In order to achieve saturated reflection and transmission from the broadband 
polarizer 120 for a large bandwidth, sufficient thickness and large enough birefringence are a 
prerequisite, as illustrated in the characteristics shown in Fig. 4E. Under these conditions 
the CLC broadband polarizers 120 exhibit the universal behavior that the light reflected 
310' or transmitted 320' through the CLC broadband polarizing film 120 at large incident 
angles has polarization state such that the orientation of the major axis of the polarization 
ellipse is either in or perpendicular to the plane of incidence. Light with such a polarization 
state cannot be converted back to circular by homeotropic films 160 only, because these 
films exhibit only linear, and not the necessary circular birefringence. Only light that has a 
major axis orientation of its polarization ellipse at ±45 degrees with respect to the incident 
plane can be successfully converted back to circular at oblique incident angles using 
homeotropic films with positive and/or negative birefringence. 

The major axis orientation of the light reflected from the CLC broadband polarizer 
120 can be rotated by the IR CLC film to approximately +45 or -45 degrees. The role of 
1R CLC layer 140 is to rotate the major axis of the polarization ellipse of reflected light 310' 
to +45 or -45 degrees, and at the same time change the shape of the ellipse, after which the 
light can be convened to circular with an appropriate homeotropic film 160. 

As shown in Figs. 4F and 4G. the broad-band CLC reflective polarizing panel 8 
described above provides the LCD panel system of the present invention with a significant 
improvement in angular viewing performance, as indicated by the color temperature 
characteristics plotted as a function of angle of incidence for difference film thicknesses and 
birefringence measures. 

For further details on the construction of the broad-band CLC reflective polarizer 8, 
reference can be made to International Application PCT/US96/] 7464 published by WIPO 
on May 9. 1997 as WO 97/1 6762, International Application PCT/US96/14264 published 
by WIPO on January 2 1 . 1 999 as WO 99/02346 and International Application No. 
PCT/US98/03688 on September 3. 1998 as WO 98/38547, incorporated herein by 
reference as if set forth fully herein. 

In Figs. 5 through 5B2. a first illustrative embodiment of the CLC-based spectral 
filtering structure hereof, indicated by 10A, is shown in greater detail. As shown in Fig. 5A, 
the CLC spectral filtering stnicture 10A comprises: a glass plate 100; a patterned layer of 
patterned CLC broad-band film 1 0 1 deposited in the surface of the glass plate 1 00 and 
spatially registered with the regions of TFTs and wiring on the spatial intensity modulation 



WO 00/70400 - 41 - PCT/US0Q/I3562 

structure 9. between subpixcl transmission apertures therewithin; a first CLC layer 102 
having two different spectrally-tuned color band regions formed therein; a first barrier layer 
103 on the first CLC layer 102; a second CLC layer 104 having two different spectrally- 
tuned color band regions formed therein; a second barrier layer 105 formed on the second 
CLC layer 104; a quaner-wave phase retardation layer 106 disposed upon the second barrier 
layer (i.e. only in those embodiments using a linearly polarizing spatial intensitv modulation 
panel as shown in Fig. 30A1 and 30A2, and 32A1 and 32A2. but not in embodiments using 
a circularly polarizing spatial intensity modulation panel as shown in Figs. 3A1 and 3A2 and 
31A1 and 31A2); a third barrier layer 107 (i.e. onlv when the quarter-wave phase 
retardation layer 106 is used); a passivation layer 108; and an unpatterned ITO layer 109, 
as shown in Fig. 5A 

In Fig. 5B1 . a complete pixel structure within the two-layer CLC spectral filter 
structure 10A of Fig. 5A is shown in greater detail. As shown in Fig. 5B1 , each blue subpLxel 
structure therein is realized by a green-band reflecting region in the first CLC laver 102 and 
a red band reflecting region in the second CLC layer 104; each green subpixel structure 
therein is realized by a blue band reflecting region in the first CLC layer 102 and a red band 
reflecting region in the second CLC layer 104; and each red subpixel structure therein is 
realized by a blue band reflecting region in the first CLC layer 102 and a green-band 
reflecting region in the second CLC layer 104. The patterned broad-band CLC reflective 
layer 101 provided beneath the first CLC layer 102 on glass plate 100 is shown in greater 
detail in Fig. 5B2. The function of this broad-band reflective pattern 101 on glass plate 100 
is to provide a broad-band inter-subpixel "white or silver" reflective matrix-like pattern 
between neighboring subpixel regions; in order to improve light recycling off the TFT and 
associated wiring regions surrounding the light transmission aperture of each and every 
subpixel realized the liquid crystal (LC) spatial-intensity modulation panel of the LCD panel 
assembly of Fig. 2. By virtue of the fact that inter-subpixel reflective matrix pattern 101 is 
made from broad-band CLC film, as taught in US Patent No. 5,691 ,789, there is no need 
for quarter-wave retarders as taught in US Patent No. 5,822.029, as polarization state 
conversion does not occur upon reflection of incident light a broad-band CLC reflective 
film, in contrast with specular or quasi-specular reflectors made from metallic film material. 

Alternative ways of realizing reflective-type inter-subpixel matrix patterns 101 are 
detailed in alternative embodiments of the CLC-based spectral filter structures of the 
present invention, namely: in the spectral filter structure of Fig. 10, red-green and blue- 
green reflecting patterns 143 and 142. respectively, are disposed beneath the intersubpixel 
boundaries to achieve broad band reflection at the subpixel interface regions; in the spectral 
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filter of Fig. 1 1 . red-blue reflecting regions are disposed beneath BG reflecting and green-red 
reflecting regions, and green-blue reflecting regions are disposed beneath green-red reflecting 
regions and blue reflecting regions to achieve broad band reflection at the subpixel interface 
regions; and in the spectral filter of Fig. 13. blue-green reflecting regions are spatially 
overlapped with red reflecting regions, and green-red reflecting regions are spatially 
overlapped with blue reflecting regions so as to achieve broad band reflection at the subpixel 
interface regions, without the use of extra CLC reflective film patterns to achieve broad- 
band reflection at the intersubpixel regions along the surface of the spectral filtering 
structure. 

In Figs. 6A through 6F, actual spectral reflection and transmission characteristics for 
the first and second CLC layers for a prototype CLC spectral filtering structure are shown. 
In Figs. 6C> through 61, the actual composite spectral reflection characteristics for the blue- 
green and red subpixel structures within the prototype CLC spectral filtering structure are 
shown. In Fig. 6J, the actual composite spectral reflection characteristics for the subpixel 
structures of the CLC spectral filtering structure are plotted against the spectral emission 
characteristics for the cold-cathode tungsten illuminated backlighting panel of the first 
illustrative embodiment. The improved color purity of the prototype CLC spectral filtering 
structure is indicated by the sample coordinates plotted on the chromaticity diagram shown 
in Fig. 7A. The improved color gamut of the prototype CLC spectra) filtering structure is 
indicated by the sample coordinates plotted on the chromaticity diagram shown in Fig. 7B. 
The improved extinction characteristics of the prototype CLC spectral filtering structure are 
graphically illustrated in the extinction versus wavelength plot shown in Fig. 7C Notably, 
the measured coordinates plotted on the chromaticity diagrams of Figs. 7D1 through 7D3, 
indicate that one can expect significant improvements in the angular performance of the 
CLC-based LCD panel design of Figs. 2B1 and 2B2 provided that the light condensing film 
410 is disposed between the light diffusive layer 400 and the broad-band CLC reflective 
polarizing panel 8, and the light diffusive layer 400 is applied to the surface of the broad- 
band polarizing analyzer 1 1 as shown in Fig. 2 and described hereinabove. In Figs. 7D1 
through 7D3, the use of the subsystem comprising light condensing film 410 and light 
diffusive film 420 is indicated by the label "w/ Condensing/Diffusing Film Layer SvstenT or 
"w/ CDFLS", whereas non-use thereof is indicated bv "w/o CDFLS'\ Clearly, when using 
the CDFLS of the present invention, one can expect significant improvements in the angular 
performance of the CLC-based LCD panel assembly of the present invention (i.e. a 
significant reduction in color shifts as the viewer views the panel from 0 to 60 degrees away 
from the normal vector drawn to the surface of the displav panel). 
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As shown in Fig. 3A1 and 3A2. the pixelated polarization rotating array 9 of the first 
illustrative embodiment is realized as an array of electronically-controlled circular 
polarization rotating elements 9" which rotate the circularly polarized electric Held from 
the LHCP direction to the RHCP direction as the light rays are transmitted through the 
spatially corresponding pixels in the LCD panel. In the illustrative embodiment of Figs. 3A1 
and 3A2. each electronically-controlled circular polarization rotating element 9A". 9B", 9C" 

can be realized as a "-cell, whose operation is by controlled by a control voltage well known 
in the art. In its electrically-inactive state (i.e. no-voltage is applied), the electric field 

intensity of light exiting from each * cell is substantially zero and thus a "dark" level is 
produced. In its electrically-active state (i.e. threshold voltage V T is applied), the electric 
field intensity of light exiting from the cell is substantially non-zero and thus a "bright" 

subpixel level is produced. 

In the illustrative embodiment of Fig. 3A1 and 3A2. the array of spectral filtering 
elements 10A", 10B", IOC" is realized as an array of pass-band circularly polarizing 
reflective elements 10" formed within a single plane. As indicated in Figs. 3AI and 3A2. 
each pass-band circularly polarizing reflective element in the pixelated pass-band circularly 
polarizing panel 10" has a RHCP characteristic polarization state, whereas the broad-band 
circularly polarizing reflective panel 8" adjacent backlighting panel 7 has an LHCP 
characteristic polarization state and the broad-band circularly polarizing reflective panel II" 
has a characteristic polarization state RHCP. 

As shown in Fig. 3D. each pass-band polarizing reflective element 10C" associated 
with a 'blue-' subpixel in the pixelated pass-band circularly polarizing panel 10" is 
particular^ designed to reflect nearly 100% all spectral components having the RHCP 

characteristic polarization state and wavelengths within the green reflective band c and 

the red reflective band AXr , whereas all spectral components having the RHCP 

characteristic polarization state and a wavelength within the blue reflective band are 
transmitted nearly 100% through the pass-band polarizing reflective element. The pass- 
band polarizing reflective element associated with each "blue" subpixel is "tuned" during 
fabrication in the manner described hereinabove. 

As shown in Fig. 3E, each pass-band polarizing reflective element 10B" associated 
with a "green" subpixel in the pixelated pass-band circular polarizing panel 10" is 
particularly designed to reflect nearly 100% all spectral components having the RHCP 
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characteristic polarization state and wavelengths within the red reflective band ^ and 
the blue reflective band , wnereas „, spectra| componcms having ^ ^ 

characteristic polarization state and a wavelength within the green reflective band * A c are 

transmitted nearly ,00% through the pass-band polarizing rcfleaive element. The pass- 
band polarizjng reflective demcnt associated wjth each .. green , subpjxei _ ^ 

fabncation in the manner described hereinabove. 

As shown in Fig. 3F, each pass-band polarizing reflective element 10A" associated 
wnh a 'red" subpixel in the pirated pass-band circular po.ar.zing panel ,0" is particularly 
designed to reflect nearly 100% all spectra, components having the RHCP characteristic ' 
polarization state and wavelengths within the green reflective band A *c and thc ^ 
refleaive band AX » , whereas all spectral components having the RHCP characteristic 
polarization state and a wavelength within the red reflective band AX ■ are transmitted 
nearly 100% through the pass-band polarizing reflective element. The pass-band polarizing 
refleaive element associated with each "red" subpixel is "tuned" during fabrication in the 
manner described hereinabove. 

The preferred method of making broad-band circular polarizing refleaive panels-S- 
and 1 1 » shown in Figs. 3A1 and 3A2 are disclosed in Internationa. Application 
PCT/US96/17464 published by WIPO on May 9, 1997 as WO 977,6762. International 
Application PCT/US96/1 4264 published by WIPO on Januarv 2, , ,999 as WO 99A)2346 
and International Application No. PCT/US98/0363S on September 3. 1998 as WO 
98/38547. The pixelated pass-band circularly polarizing refleaive panel 10" can be 
fabricated in a manner similar to the way described in LCD panel fabrication method 
described in detail hereinabove. 

In order ,„ raxlmi2e tht lighl tra[lsmissio „ of ^ ^ ^ rf ^ 

and 3A2. moved reflective.,,,* color spec,! filre, s,ruc,u,c s having imaged - black - and 
whrte subpixel marks are employed in the LCD panel construction of the presen, 
invention. As wi,l he raugh, in greater detaii hereinafter, a broad-band CLC reflective film 
paucrn is effecriveiy formed ,i.e. provided, over the H g h, blocking region „f each !ubpixel 
segion on the backside of the reflective-tyf* color/spectra, fi„„ $lms emp|oved ,„ ^ 
LCD pane!. In ,he firs, iilustrative embodiment described above, a partem of broad-band 
muhMayer refleaive filnr. con-esponding ,„ rhe ligh, Mocking portions of ,hc subpiae, 
regtons. is effectively provided on to rhe back surface of the broad . to „ d po| ttRmive 
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pane. 8" (facing .he back.igh.ing srrucrure) - Placed I— filing pane. 10". .n 
sp a,ia. ,egis,ra,ion rvirh .he Ugh. blocking pon,ons of .ho aubpixel regions. This broadband 
refieCvc film pattern provide, a .igh. deceive mask which prev.nrs .he absorption and 
scatttnng of produced Ugh. from structures -* '* h < ^ " ** 

subpixels of the LCD panel. 

,„ order ,0 reduce glare ar rhe surface of .he LCD pane, due ,„ ambien, .igh. 
inciden, .hereon. , broad-band ahsorprive fi.m mareria, ,s effeerively fornred (i.e. provided) 
over rhe .igh. blocking region 5 , of each subpixel region on .he fronr surface of the 
„flec,ive-,vpc color fiber srrucrure emp.oyed in each LCD panel, .n rhe firs, il.usrrarfve 
embodimen, desaibed above, a parrcrn of broad-band anso^on fi.m. corresponding ; » .he 
„.„, blocking ponions of rh, subpixel regions, is effecrively provided on rh. from surface of 
L broad-band po.ariaing pane. . . ". in spaua, regisrra.ion svirh .he lighr blocking pomons 
of .he subpixel regions. This provides a lighr refiecrive mask which prevent region and 
Bering of ambiem „gh, off srrucrures associated wirh .he Ugh. b.ocking ponion of she 
subpixels of .he LCD pane,, and .bus reduce, glare ar rhe surface of rhe LCD pane, due ro 

ambient light incident thereon. ...rn—l 
Having described in the firs, i,.us,ra,iv. embodiment of rhe generated LCD panel 
consuuaion i.lusuated .n Fig. 2. i, is approprlare ar rhis ]unc,ur. to now describe the 
operation of „s subcomponent wirh reference ro .he exemplary pixel structure dctaded ,n 

Figs. 3A1 and 3A2. 

As shown in Figs. 3A1 and 3A2. unpolarized light is produced within the 
backlighting structure and is composed of spectral components having both LHCP and 
RHCP polarization states. Only spectra, components within the backlighting structure 
having the RHCP polarization state are transmitted through the broad-band circularly 
polarizing reflective pane. 8" adjacent the backlighting structure 7, whereas spectral 
components therewithin having polarization state LHCP incident thereon are reflected 
.Herefrom without energy loss or absorption. Spectral components reflecting off broad-band 
circularly polarizing reflective panel 8" on the 

diffusive reflector 7A and undergo a polarization inversion (i.e. LHCP to RHCP and RHCP 
to LHCP). This reflection process occurs independent of wavelength. Only spectral 
components having the RHCP polarization state are retransmitted through the broad-band 
circularly polarizing .effective panel along the projection axis of the LCD panel. 

In general, as shown in Fig. 3A1 and 3A2. light emitted from the backlight.ng 
structure 7 is passed through the non-absorbing light diffusive layer 400 and then through 
the light condensing film or optical structure 410 so that, as shown in Fig. 2B2. the hght 
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-ays are condensed within , cone of ravs (witWn abou , 

circularly polarized in Figs 3AI and ?A? h r , * operal,n 8 on 

30A2, so a, ,„ m „d , . X P °"" iZCd '* hl in f * 30A1 and 

"»™i.,ed from ,h e spa , ia ,., meiBilv modu|ation ' gh " ^ 

color when viewed fmm dirferen. viewing ^ 8 * ng " ""^ - * 

In .he i llust , aliw ^tarf^^^^ 
poianaaoon preserving llgh , ^ — -« 

*e viewing angle when a „ gh , oondensin, srLore 410 is liml T " 

n.H.io.deniao.oonrorhereneo.ivaCLCspeorrjr;:' Sed,0 "' Krrorarollht 
By using broad-band reneaive polarizer ft of t k * 

subcramponen.s e^perarc ,o provide , CLC-based LCD 7 '° n ' ** 

Havmg provided , genera, overview of rhe LCD panel svarem of Fifi 2 „ „ 
appropriate at this juncture to d^rikaa vk . 

Ifc '° de! "" ,ethC0Perat " > " <>fthi ^'«»< - Srcarerdeui! herein 

When acireuia, polarization rotating element aviated trith , red u 
subpiae, is driven m,o i,s a «ive- st a,e as shown ,„ F1 , 3A1 [hc ^ red-green or blue 
element associated therewith ™„ _ ' P 0 ' 2 " 2 *™ "*»«"g 

or wavelength wh e Z 7 ^ * 

Whena-red-subpiaelisdriveninroi,.^,.^,,^,,^^ 
conrponenrs „«„ the backlighling ^ ^ ^ ^« 

' »nd P.lariaa.ion sra.e RHCP ,i.e. V> are ^ ^ ^ ^ 
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circularly polarizing reflective panel 8", the "red" pass-band circularly polarizing reflective 
element 10A'\ the circular polarization direction rotating element 9A'\ and the broad-band 
circularly polarizing reflective panel 1 1 " without absorption. The "green" and "blue" 

RHCP j RHCP 

spectral components with the RHCP polarization state (i.e. c . 8 ) are transmitted 
through the broad-band linearly polarizing reflective panel 8" and reflected off the "red" 
pass-band circularly polarizing reflective element I OA", and are retransmitted through the 
broad-band circularly polarizing reflective panel 8" back into the backlighting structure for 
recycling among neighboring subpixcls. 

When a "green" subpixel is driven into its "bright" state shown in Fig. 3A1, spectral 
components having wavelengths within the "green" band and polarization state RHCP (i.e. 
Jt RHCP 

c ) are transmitted through the broad-band circularly polarizing reflective panel 8", the 
"green" pass-band circularly polarizing reflective element 10B'\ the circular polarization 
direction rotating element 9B'\ and the broad-band circularly polarizing reflective panel 11" 
without absorption. The "red" and "blue" spectral components with the RHCP 

^RHCP ^ R HCP 

polarization state (i.e. R B ) are transmitted through the broad-band circularly 

polarizing reflective panel 8" and reflected off the "green" pass-band circularly polarizing 
reflective element 10B", and are retransmitted through the broad-band circularly polarizing 
reflective panel 8" back into the backlighting structure for recycling among neighboring 
subpixels. 

When a "blue" subpixel is driven into its "bright" state shown in Fig. 3A1, spectral 
components within the backlighting structure having wavelengths within the "blue" band 

AX X RI,CP 

B and polarization state RHCP (i.e. 8 ) are transmitted through the broad-band linear 

polarizing reflective panel 8\ the "blue" pass-band circularly polarizing reflective element 

IOC", the circular polarization direction rotating element 9C\ and the broad-band 

circularly polarizing reflective panel 1 1 M without absorption. The "red" and "green" 

y RHCP TtRHCP 

spectral components with the RHCP polarization state (i.e. R , G ) are transmitted 
through the broad-band circularly polarizing reflective panel 8" and reflected off the "blue" 
pass-band circularly polarizing reflective element IOC", and are retransmitted through the 
broad-band circularly polarizing reflective panel 8" back into the backlighting structure for 
recycling among neighboring subpixels. 

When a circular polarization rotating element is controlled in its inactive-state as 
shown in Fig. 3A2, the polarization rotating element transmits the spectra! components 
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therethrough independent of wavelength without effecting a conversion in polarization 
state, thereby producing a "dark" subpixel level. 

When a -red" subpixel is driven into its "dark" state as shown in Fig. 3A2, spearai 
components within the backlighting structure having wavelengths within the "red" band 
A\ u , » . 1 r »cp 

and a poianzation state RHCP (i.e. A * ) are transmitted through the broad-band 

circularly polarizing reflective panel 8". the "red" pass-band circularly polarizing reflective 
element 10A" and the circular polarization rotating element 9A" and reflected off the 
broad-band circularly polarizing reflective panel 1 1 - without absorption. In this state, these 
reflected spectral components are then retransmitted through the circular polarization 
rotating element 9A", the "red" pass-band circular polarizing reflective element I OA" and 
the broad-band circularly polarizing reflective panel 8" back into the backlighting structure 
for recycling among the neighboring subpixels. 

Spearai components within the backlighting structure having wavelengths within the 
"green" band ^ or "blue" band AX " and a polarization state RHCP (i.e. ^ are 
transmitted through the broad-band circularly polarizing refleaive panel 8" and are 
reflected off the "red" pass-band circularly polarizing reflective element 10A" and 
retransmitted through the broad-band circularly polarizing refleaive panel 8" back into the 
backlighting structure for recycling among neighboring subpixels. 

When a "green" subpixel is driven into its "dark" state as shown in Fig. 3A2, 
spearai components within the backlighting structure having wavelengths within the 
"green" band AX o and a po^^ sute mcp ( . £ X»™ ^ transmjued ^ 
broad-band circularly polarizing reflective panel 8", the "green" pass-band circularly 
polarizing reflective element 10B", and the circular polarization rotating element 9B" and 
refleaed off the broad-band circularly polarizing reflective panel 1 1 " without absorption. In 
this state, these reflected spectral components are then retransmitted through the circular 
polarization rotating element 9B". the "green" pass-band circular polarizing refleaive 
element 10B" and the broad-band circularly polarizing refleaive panel 8" back into the 
backlighting structure for recycling among the neighboring subpixels. Spectral components 
within the backlighting structure having wavelengths within the "red" band AX « or "blue- 
band and a pofcfc^ state RHCP (i.e. X ™\ *- RHCP ) are transmitted through the 
broad-band circularly polarizing refleaive panel 8" and are refleaed off the "green" pass- 
band circularly polarizing reflective element 10B" and retransmitted through the broad- 



PCTAJS00/13562 

- 49 - 

WO 00/70400 

band circularly poiarizing reflective pane. 8" back into the backlighting structure for 
recycling among neighboring subpixels. ■ 

When a -blue" subpixel is driven into its "dark" state as shown in Fig. 3A2, spectra! 
components within the backlighting struaure having wavelengths within the "blue" band 
A*, and a polarization state RHCP (i.e. ^ are transmitted through the broad-band 
circu.ar.v polarizing reflective pane. 8", the "blue" pass-band circularly polarizing reflects 
e.ement'lOC". and the circular polarization rotating element 9C and reflected off the 
broad-band circularly polarizing reflective panel 1 1" without absorption. In this state, these 
reflected spectra, components are then retransmitted through the circular polarization 
rotating e.ement 9C\ the "blue" pass-band circularly polarizing reflective element 10C" and 
lhe broad-band circu.ar.v po.arizing reflective pane. 8" back into the backlighting struaure 
for recycling among the neighboring subpixels. Speara. components within the backlighting 
struaure having wavelengths within the "red" band ^ or "green" band ^ and a 
polarization state RHCP (i.e. *° . C, are transmitted through the broad-band 
circularlv po.arizing rcflea.ve pane, 8" and are refleaed off the "blue" pass-band circularly 
polarizing reflective element 10C" and retransmitted through the broad-band circularly 
polarizing reflective panel 8" back into the backlighting structure for recycling among 
neighboring subpixels. 

>rk For Making' 

Referring now to Figs. 8A through 8D4, several preferred methods will now be 
described for fabricating the CLC-based spectral filtering structure shown in Figs. 5 through 
5B2 including the LCD panel shown in Figs. 2, 3A1 and 3A2. 

As shown in Fig. 8A. the refleaive spearal filter 10A can be made by making the 
first and second CLC lavers 102 and 104 individually and then combining them in a des.red 
ma nner To make the left-handed refleaive cho.esteric liquid crystal (CLC) color filter of 
.aver 102, first, prepare a bottom substrate 210 made of PVA (polyvinyl alcohol) coated 
glass plate, and buffing it in one direaion. Then, prepare a top substrate 212 of PET 
(Mylar D) bv buffing it in any direction. 

Then mix a .eft-handed CLC polymer comprising blue polysi.oxane. such as that sold 
bv Wacker Chemical Company of Germany as SLM 90032. 84.1% by weight, with a low 
molecular weight nematic liquid ay** such as that sold by EMI Company of Germany as 
(£44. EMI): H.8% bv weight. Then add a left-handed chiral dopant, such as that sold by 
EMI Companv of Germany as (S101 1 . EMI), 0.1% by weight of total polysiloxane and 
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nenratic — P*— initiator ,,0,84. Cba-Ccigy, « by , veigh , of 

temperature around 90°C. 

The mixture is then coated onto the PVA coated glass bot,n m c k 

- or. knifed. ^ roa , ing „ abow j££ - 

as applied. ' m "- K ness of the coating 

The nature is then laminated with the PET top substrate 2,2 using . laminator 
The temperature and the gap between the ro„ers of the lammator wi,, effect -7 
thickness of the film. 1 the fmal 

To make a CLC film with blue suboixel 2 1 7 3n H 
i too . L P e ' 217and S reen subpixel2l8inlaverl02 

a "itn respect to the bottom substrate 210. The merh a n,,.,i u 

substrates 210 and 212 in layer 102. 

With lava, 102 still „„ ,„ e hol p , ate orsli „ ^ 

may Iso * ^ in lhe _ spM fer ^ J 

A mask is applied to Mock rhe porrion of laver 102 to be the . 
leavi„ s b, u esub P i«, s 2l7c Jtp „sed. ' **" SUbPM 2 ' 8 

While stil, a, 100- C „ye, ,02 is exposed to UV li g h, of about ,300 „ m) « 2 77 
.WW , nt e„si. y for app ,„ , 7 sOTnds tQ ^< "7 

hqmd crystals in ,he blue subpixels 217 of lave, ,02. 

W 102 is then beared a, 61- C preferably „„ . h„ t p, atc for abou , , . 

insof.hebandtrldrhofrbebloesobp.euirofl! ^ 7" 
-^»°^P«.cn^«entof, h eoho te ,U^rr 
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While at 61° C the mask is removed and layer 102 is exposed to UV light of about 
360 nm at 1.00 mW/cm 2 for approximately 150 seconds to polymerize the green subpixel 
218 of layer 102 with the desired bandwidth. 

Maintaining 61° C layer 102 is then exposed to UV light of 360 nm at 20 mW/cm 2 
for approximately 60 seconds to set the polymers of both the blue subpixels 2 17 and the 
green subpixel 2 1 S. The PET substrate 2 1 2 is then removed. Layer 1 02 is now ready for 
installation in a display or for other use. 

To make left-handed reflective cholesteric liquid crystal (CLC) color filter reflecting 
the green subpixel 227 and red subpixels 228 of layer 104, first, prepare a bottom substrate 
220 of PVA (polwinyl alcohol) coated glass, by buffing it in one direction. Then, prepare a 
top substrate 221 of PET (Mylar D) by buffing it in any direction. 

Mix a left-handed CLC polymer comprising blue polysiloxane, such as that sold by 
Wacker Chemical Company of Germany as SLM 90032, 79% by weight, with a low 
molecular weight nematic liquid crystal, such as that sold by EMI Company of Germany as 
(E44, EMI): 20% by weight. Then add a photo-initiator (IG184, Ciba-Geigy), 1% of the 
CLC polvmer SLM 90032. The above materials are mixed at 120° C and de-gassed in a 
vacuum for 20 minutes at 90°C. 

The mixture is then coated onto the PVA coated glass bottom substrate 220 with the 
use of a knife coater. The coating is preferably about 8- 1 2 microns thick. The coating 
temperature and the gap of the knife coater can be used to vary the thickness of the coating 
as applied. The mixture is then laminated with the PET top substrate 221 using a laminator. 
The temperature and the gap between the rollers of the laminator will effect the final 
thickness of the film. 

To make a CLC film with red 228 and green 227 subpixels in layer 104, layer 104 is 
heated to 58° C with the PET substrate 221 up, the heating is preferably done on a hot 
plate. 

With the layer 104 at 58° C it is preferably mechanically sheared to make the liquid 
crystal molecules aligned. The mechanical shearing provides a tangential mechanical force 
which helps align the liquid crystal molecules between substrates 220 and 221 in layer 104. 
With laver 104 still on the hot plate or still heated to 58° C, apply a mask to the top 
substrate layer 221 having the PET material. The mask will vary in size and shape 
depending on the use of the layer. For use in color displays the mask will be the size and 
shape of pixels used in the display. In the layer shown in Fig. 8A the CLObased spectral 
filter 300 uses two lavers with two colors of reflective color filters per layer. 
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The pixel sizes may therefore vary in size within the layer. For example as two 
subpixels of red are used side by side only one large subpixel need be made, however two 
subpixels may also be used in the same space for the red subpixel 228 in layer 104. 

The mask is applied to block the portion of the layer 104 to be the green subpixel 
227 leaving exposed red subpixels 228. 

While still at 58° C layer 104 is then exposed to UV light of 360 nm at 1 .0 mW/cm 2 
intensity for approximately 77 seconds to polymerize the exposed cholesteric liquid crystals 
in the red subpixel 228 of laver 104. 

Layer 104 is then heated at 83° C preferably on a hot plate for about 5 minutes to 
control broadening of the bandwidth of the red subpixel 228 of layer 104. 

The mask is then removed and layer 104 is held at 70° C while being exposed to UV 
light 360nm at 20 m W/cm 2 for approximately 60 seconds to polymerize the green subpixel 
227 of the layer 104 with the desired bandwidth. 

The PET substrate 221 is then removed. Layer 104 is now ready for installation in a 
display or for other use. 

As shown in Fig. 8B the layers 102 and 104 can be laminated together to form a two 
layer color filter for a display. 

In order to make a display, layer 104 is glued to a reflective matrix substrate 101 
preferably by using a UV curable adhesive. The pixels of the red-green layer 104 are first 
aligned with the broad-band CLC refleaive matrix 101 . Then a strong UV light at 20 
mW/cm 2 is used to cure the glue for approximately 60 seconds. Then heat layer 104 and 
refleaive matrix 101 are heated for approximately 30 seconds at 65° C. The glass substrate 
220 of the green-red refleaing layer 104 is then peeled off and a UV curable adhesive is 

applied to the top of layer 104 so as to attach layer 102 thereto. The pixels are then aligned 

and the glue cured with UV light at 20 mW/cm 2 for approximately 60 seconds. 

There are several alternative ways of realizing the basic CLC spectral filtering 

struaure depicted in Figs. 5B through 5B2. These alternative ways will be considered 

below. 

In Fig. 8C, a second alternative method of fabricating the CLC-based spearal 
filtering struaure shown in Fig. 5B. wherein the subpixel struaures of each pixel structure 
therein are arranged in a 3x1 array, and the order of the subpixel structures in neighboring 
pixel structures are periodically reversed to enable manufaaurer of CLC layers having 
double-sized color-band reflection regions. 

Fig. 8C shows an embodiment of the method for patterning the color filter in each 
layer associated with Fig. 5B1 . Instead of patterning "green", "green", and "red" (R.R.G) in 
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laver 40 in Fig. 5B1 it can be patterned into G,G.R.R.R.R.G.G,R.R.R.R.G.G, Similarly, 
laver 50 can be patterned to be B.B.B.B.G.G.B.B.B.B.G.G.... where "R-. "G" and "B" refer 
to the filter layer portion reflecting red-green, and blue light, respectively. If the two layers 
are aligned in the way as shown in Fig. 1 6. color filter pixels consist of subpixels (R,. G t . B t ) 
and (B,. G,. R) will be formed, where "R,". "G,".and "B," refer to the red-green. and blue 
subpixels in transmission. This method for patterning has the advantage of creating the 
patterned color portion on each layer with a size twice and four times larger than the display 
subpixel (R,G,B,) size. The subpixels of red (R) can then be made as one large pixel instead 
of 4 small separate subpixels making it easier to fabricate the display. Similarly 4 blue(B) 
subpixels are made as one large pixel and two subpixels of green G are made as one pixel. 

In Figs. 8D 1 through 8D4 show a third alternative method of fabricating the CLC- 
based spectral filtering structure shown in Fig. 5B 1 . wherein the subpixel structures of each 
pixel structure therein are arranged in a 2x2 array. 

In order to eliminate all reflection at the interfaces between the various parts, index 
matching techniques should be used. In some cases, this can be simply achieved by gluing 
the parts together. This by itself will reduce the amount of reflection by a factor of almost 
100. Alternatively, a transparent fluid (glycerol) can be disposed between the component 
parts for index matching. If even greater attenuation of such reflections is required the 
index of refraction (») of the fluid or glue should be intermediate between the index values 
of the adjacent materials For example: if n BBP = 1 .6 and « CW5S = 1 -5 the least reflection will 
occur for a glue/fluid of index: n= -^n BBP n claa = 1 549 

Al ,.m a nve Embo^— ™ Q Snmml Filt ering Structures For \ Jse In The First 

realized I m Panel Of The Present Invention 

Having described how to make CLC spectral filters for use in the LCD panel 
assemblies, such as shown in Figs. 5 though 5B2. a number of alternative embodiments 
come to mind. 

To improve the quality of the transmitted light for a display, each color section 
reflecting red green and blue used in lavers 40 and 50 is made with cholesteric liquid 
crvstals which have sharply defined bands of color matched to the colors produced in the 
light source 100. With a narrow band of color transmitted, color images with improved 
color puritv and better contrast are produced. Fig. 6J shows that cholesteric liquid crystals 
can be made for tuning the color around a narrow band from a central wavelength. Details 
of how to make such cholesteric liquid crystals are disclosed in W1PO Publication WO 
99/02340. published bv Applicant s International Application PCT/US99/1 4264. which is 
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incorporated herein by reference. In order to cover the correct bandwidth, the CLC 
bandwidth needs to be appropriately broadened. For example, in order to reflect the red 
portion of the light from 600 to 750nm. a CLC with a bandwidth of 150nm is required 
However, a natural CLC can cover only lOOnm at the most. Such broadband reflective 
cholesteric liquid crystals are made by the method as shown in International Application 
PCT/US96/1 7464 published by WIPO on May 9. 1 997 as WO 97/1 6762. International 
Application PCT/US96/14264 published by WIPO on January 21. 1999 as WO 99/02346 
and Internationa! Application No. PCT/US98/03688 on September 3. 1 998 as WO 
98/38547. which is incorporated herein by reference. 

Although this spectral filtering device 101 is shown with left-handed CLC polvmers 
it is understood that right-handed polvmers could also be used to produce a device with 
opposite handedness light being transmitted. In another embodiment of the present 
invention, the blue-green and red-green layers 102 and 104 respectively mav be used in 
reverse order and the display will still function in the same way. 

In addition to the above separate layers of cholesteric liquid crystal materials glued 
together, a single layer of cholesteric liquid crystal material with a top portion reflecting one 
color and a bottom portion reflecting another color, or multiple portions of cholesteric 
hquid crystal materials polymerized for different functions, can be all stacked in one layer 
P.tch gradient CLC materials for use in making the spectral Alters hereof are disclosed in 
copending International Application PCT/US96/1 7464 published bv WIPO on May 9 
1997 as WO 97/1 6762. Internationa. Application PCT/US96/14264 published bv WIPO 
on January 21, 1999 as WO 99/02346 and International Application No. PCT/US98/03688 
on September 3. 1998 as WO 98/38547. is incorporated herein by reference in its entirety 

By polymerizing different portions of layers by depth of penetration of UV radiation 
at different temperatures, discrete portions of a linear stack in a laver of CLC materials can 
be formed with different optica, properties. With a continuous change in temperature and a 
continuous change in frequency of UV light to change the depth of penetration of UV light 
broadband reflective cholesteric liquid crystal color filters can be formed. 

Such pitch control techniques can be used to make a fourth illustrative embodiment 
of the spectral filter structure herein shown in Fig. 10. wherein narrow-band blue-reflecting 
CLC materia, of pitch B2 1 7 and a narrow-band green-refiecting CLC materia, of pitch G2 1 8 
are formed in a top portion 301 of layer 300, whereas a narrowband green-reflecting CLC 
materia, of pitch G 227 and a narrow-band red-reflecting CLC materia, of pitch R 228 are 
formed in a bottom portion 302 of laver 300. 
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In this example, assume the cholesteric liquid crystals arc left-handed circularly 
polarized The pitch of a cholesteric material can be tuned by varying the sample 
temperature: P(T). Starting with the bottom portion 302 of layer 300 a mixture of 
cholesteric liquid crvstal material at one temperature has a pitch P(T L )= P R reflecting red 
228 With other portions of the layer 300 masked, the red 228 portion of layer 302 « 
exposed to UV light of a specific wavelength which penetrates approximately half way 
through the .aver 300 before it is totally attenuated. This UV light polymerizes the red 
portion 228 of .aver 300. The mask on the bottom portion 302 is removed revealing the 
green portion 227. At a different temperature either higher or .ower than the temperature 
polymerizing the CLC materia, for red 228 the temperature for polymerizing green 227 
reflective CLC material is reached. UV light of a specific wavelength is then irradiated on 
the green portion 227 as above for the red 228, such that the UV light is attenuated half 
wav through the laver 300. The bottom portion 302 of .aver 300 is now polymerized. Layer 
300 mav be turned over. A mask is applied covering the blue portion 217. The green 
portion 218 of laver 301 is polymerized by UV light at a UV wavelength which is 
attenuated half wav through layer 30 1 . Alternatively a mask applied to the bottom layer 
302 can be used and a UV light which will penetrate layer 302 to polymerize layer 301 can 
be used With the temperature again adjusted to the temperature for reflecting blue light. 
The mask covering the blue portion 217 is removed and the layer 301 is exposed to UV 
light at a wavelength to penetrate half way through layer 300. 

If a laver is onlv partiallv polymerized at one temperature, then only part of the 
molecules acquire a periodicity for the color desired. When the temperature is changed,, the 
LC molecules that are not strongly anchored yet by the partial cross-linking, must adopt a 
different pitch. This pitch will not be the same as before since, in the new environment they 
interact not only with free molecules like themselves, but also with the strongly anchored 
LC molecules due to the previous partial polymerization process. 

With a series of small steps in temperature variation and UV penetration, 
wavelengths, a broadband of spectral components will be reflected by the layer 300. Each 
incremental port.on of laver 300 will have a band about a central wavelength that it reflects. 
With a continuous change in temperature linked to a continuous change in UV penetrauon 
wavelength, broadband reflective cholesteric liquid crystal color filters can be made about a 
centra, wavelength. Therefore broadband polarizers may be made with variable pitch 
cholesteric liquid crvstal materials by varying the temperature gradient and UV penetration 
gradient in a coordinated manner, for example, by changmg the temperature of a hotplate » 
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conjunction with changing the UV frequency such that the change in pitch in the cholesteric 
liquid crystal material is polymerized for ^broadband reflective CLC material layer. 

The above technique can be used to make the spectral filter shown in Fig. J 4. In this 
Alter structure, the broadband reflective portions for red-green reflecting regions 12 1 and for 
green-blue reflecting regions 1 1 3 can be made using the above process of masking and 
changing temperatures while changing the UV wavelength to penetrate half way through 
layer 300. Thus the upper portion 301 of layer 300 has a blue reflecting subpixel 1 1 7 and a 
green-blue reflecting subpixel 1 13 and a clear isotropic subpixel 114. The bottom portion 
302 of layer 300 is polymerized to have a red reflecting subpixel 127, a red-green reflecting 
subpixel 121 and a clear subpixel 124. 

As shown in Fig. 14. the light transmitted through layer 300 will have: a red subpixel 
portion: a white reflective portion made by overlapping the red-green portion 121 with the 
blue portion 1 1 7 automatically forming a reflective-type intersubpixel matrix; a green 
subpixel portion; another reflective- type intersubpixel portion made by overlapping rhe red- 
green reflecting portion 1 2 1 with the green-blue reflecting portion 1 1 3 automatically 
forming a reflective matrix and a blue subpixel portion; and a third black portion made by 
overlapping the green-blue portion 1 13 with the red portion 127 automatically forming a 
reflective-type interpixel matrix. Since all of these regions are realized on single layer of 
material, the process for making CLC-based LCD panels is simplified by requiring fewer 
layers, and fewer gluing and aligning steps to make a final display panel. 

Since the penetration of the UV light is attenuated differently at different 
frequencies several distinct portions providing different functions can be stacked in a single 
layer of CLC material. 

By using the methods described above for masking and polymerizing, each subpixel 
emitting a color can also be provided with its own zero-order quarter-wave plate pixel tuned 
to that color. Or in another embodiment, one quarter-wave plate 1 55 can be geared for all 
the colors transmitted by the reflective portions of the layer. The quarter-wave plate portion 
1 55 can be polymerized by a different wavelength than the other portions of the layer and 
can therefore be polymerized before layer 301 . 

For example, for a layer of aligned nematic mixture, which is not polymerized, a UV 
light with a shorter penetration length is used to polymerize a small depth into the laver. 
Exposing the film through a mask, the temperature and the exposure times are adjusted so 
as to polymerize only a thin nematic sub-layer (about 2 m ). The samples temperature is set 
such that when the pixel is polymerized through the mask it would become a 0-order V4 
portion of the layer for the red subpixel. The mask is then shifted to expose the position of 
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Uk Green subpixe.s and temperature-time are adjusted to create a 0-order A/4 portion of the 
,aver for the green subpixel. The same is.done for the Blue subpixe.s. The temperature ,, 
lhe n raised to the isotropic phase and the whole sample is flooded with a longer wavelength 
to achieve a deeper penetration. During this step the remaining unpolymenzed LC 
molecules, within the X/4 portion, are polymerized into an isotropic state so that the 
retardation of the nematic layer will not changed by successive UV exposures. This step also 
creates an additional thin oolvmerized isotropic portion of the layer that "seals" the top V4 
portion from the rest of the yet unpo.ymerized mixture below. Clearly, the top substrate 
must be UV transparent and have a low sticking coefficient to the po.vmerized poruon of 
the laver. 

' Alternatives rather than changing temperature for each color (which may be t.me 
consuming), the short UV wave.ength can be varied with filters so as to change the effective 
penetration length. In this method, each X/4 subpixel is the same (since the temperature ,s 
fixed) while its effective thickness is varied by the UV wavelength. The step of isotropic 
"sealing" is the same in both methods. 

Once the X/4 portion is fabricated at the top 2 ^ (and supported by an alignment 
film the top substrate) fabrication of the color filters themselves in the bulk of the layer 
below can start according to the process outlined before. However, in the presence of an 
isotropic portion at the top of the substrate, the color filter alignment will have to rely only 
on the bottom substrate alignment portion. 

There are contradictory demands on the mixture components: fabrication of the X/4 
portion requires a nematic polymer while the color filter below requires a cholesteric 
polvmer This can be resolved by using a nematic LC polymer doped with a chiral 
component. Since the fabrication of the X/4 portion calls for UV exposure with a very- large 
gradient inside the mixture, the chiral component is driven out from the top 2 by 
diffusion to recover the nematic phase. The color filter fabrication process is carried out 
using UV light having a very long wave-length, and a un.form intensity distribute 
throughout the sample to avoid driving a diffusion process. 

The above two fabrication methods for the V4 portion can be also implemented 
using the current pitch-gradient process when the requirements for a nematic polymer are 
satisfied. 

Instead of having two separate layers 102 and 104 on separate films, as shown in F,g. 
8A. spectrallv tuned CLC regions can be formed on one layer having its top portion 
polvmerized with one bandwidth around one wavelength and its bottom portion 
polymerized with a second bandwidth around a second wavelength. Therefore two-color 



WO 00/70400 

58 ' PCT/US00/13562 

,, „ vo ^ reneaion r . cm ^ « -OC ™ Kna , 

Jrace layers, „c„ ,, m havins one £0 , or ba „ d ,„ ekher caje [her 

reflecting a different narr nf rk„ re"«ung portion 

;; m p n ° f - hc ~ » — spectr>1 Blt „ Slmaure „ hand 

where,„ . re „ eaive . we -, vhiIe M s „ ver . mairjx P-ded. 
^ reta. Wockins ^ fof [he £o|or n 2 " ,35 

... ta „ d ,„ block , 4 , lhus providin8 broad band - - 2 P g '7 

portions sacked ,„ Us LC „ve, in romrasI t0 the „„„ ^ rf » - 

poruons stacked in its LC layer. ° Ur 

-^^"^^"" d,4 " -i,l --- , -** fc 

^••--^-o,^^i^r,rr ,h ^ 

interfaces therewithin. " ^ arC fewer °P ,ical 

Fig- 25 shows an embodiment of Fig. 5Bl in which both left-handed CL C I an 

polanzed and/or unpolarized white licht 20J whi.h • 

^^p---^ ^ -C2I::3S-^ ,, r" , * 
-oe la ,, s 45 a „ d 53 , ransmit lhe risht , anded ion o c,:;:;r ;r r 

and Lyers 40 and 50 , rammll Ihe lrft , andcd ^ ^ ^ 

material. Since lhls ^ is ^ „ ^ ' ~« 

work lintar polarized , i?ht ,„ plale " a ' SO 

~ arra „ g e TCnt _ the _ J^"^ ^ » * 

"war pair (45 „d 55), h. •> ' * nd "S^ncM 

P ,,;, ' and55 )-"'o<.pt,calro, i „ionbythele(t.|, a „ dcdandrihl . ha 
— are a „ t „ maliallv can „„ cd ^ "*= 

such as re „ec, ion „, velenph , ^ J ^ t 

pud .« nil ..nearly polanzed in the same polarization plane. 



WO 00/70400 ■ 59 



PCT/USOO/13562 



Fig. 1 1 shows a second embodiment of the invention having two color seaions per 
layer. In this embodiment, reflective cholesteric liquid crystals having a broad band 
spanning two primary colors are used. Such reflective cholesteric liquid crystals are also 
made bv the method as shown in the description of Fig. 5B1 with the cholesteric liquid 
crystals of International Application PCT/US96/17464 published by WIPO on May 9. 
,997 as WO 97/1 6762. International Application PCT/US96/14264 published by WIPO 
on January 21, 1999 as WO 99/02346 and International Application No. PCT/US98/03688 
on September 3, 1998 as WO 98/38547. Using the CLC film fabrication method described 
above, the blue and green portion of the spectrum can be reflected by a first layer of 
broadband cholesteric liquid crystal film material. Using the CLC film fabrication method 
described above, the green and red portion of the spectrum can be reflected by a second 
laver of broadband cholesteric liquid crystal film material. Using these broadband 
cholesteric liquid crystals, the reflective cholesteric liquid crystal color filters of Figs. 11,13. 
14. 39. 41. and 15 through 26D are made possible. In these embodiments, the top 
reflective portion and bottom reflective portion may be realized on one layer of material or 

on two lavers as described above. 

Returning to the spectral filter structure shown in Fig. 1 1 . when circularly polarized 
white light 120 is incident on layer 60 on the red (R) reflecting portion, red light is reflected 
while green and blue light are transmitted; while in layer 70. the blue (B) component of 
incident light is refleaed and green (G) component is transmitted. In the adjacent seaion 
G.R of laver 60 both green and red light are reflected as shown in the broadband cholesteric 
liquid crvstal material described above. This section uses the broadband Cholesteric Liquid 
Crystal material taught in International Application PCT/US96/1 7464 published by WIPO 
on May 9. 1997 as WO 97/16762. International Application PCT/US96/14264 published 
by WIPO on January 2 1 . 1999 as WO 99/02346 and International Application No. 
PCT/US98/03688 on September 3, 1998 as WO 98/385477, incorporated herein by 
reference, to obtain the broad band reflectivity needed. Since the green and red spatial 
components colors are reflected, blue light is transmitted. The top layer in layer 70 does 
not have to reflect any colors of light. It is therefore made from the same material but in an 
isotropic state. Or it can be made to reflea light in the infrared or ultraviolet bands and 
transmit visible light. Similarly in the red (R) transmitting section, layer 60 is clear and 
layer 70 reflects both green (G) and blue (B) components of light while transmitting red (R) 
components thereof. 

The spectral filter design shown in Fig. 1 1 has an advantage of being able to make a 
white (broad-band) refleaive matrix integrated within the spearal filter in order to improve 
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are added to the mixture. The above materials should be mixed at 120° C and de-gassed in a 
vacuum for 20 minutes at 90°C. 

The mixture is then coated onto the PVA coated glass bottom substrate 1 10 using a 
knife coater. The coating is preferably about 8-12 microns thick. The coating temperature 
and the gap of the knife coater can be used to vary the thickness of the coating as applied. 

The mixture is then laminated with the PET top substrate 112 using a laminator. 
The temperature and the gap between the rollers of the laminator will effect the final 
thickness of the film. 

The layer 1 15 is then heated at 75° C with the PET substrate 1 12 facing up. The 
heating is preferably done on a hot plate. 

With the laver 1 15 at 75° C. it is preferably mechanically sheared to align the liquid 
crystal molecules. Mechanical shearing provides a tangential mechanical force which helps 
align the liquid crvstal molecules between substrates 1 10 and 1 12 in layer 115. 

With layer 115 still on the hot plate or still heated to 75° C, a mask is applied to 
the top substrate layer 1 12 having the PET material. The mask will vary in size and shape 
depending on the use of the layer. For use in color displays the mask will be the size and 
shape of pixels used in the display. In the layer shown in Fig. 3, the display uses two layers 
with three subpixcls, two being reflective color filter portions per layer. 

A mask is then applied to block the subpixel regions in the layer 1 15 at which blue- 
green subpixel region 1 13 and clear subpixel region 1 14 are to be formed, leaving the blue 
subpixel 1 1 7 exposed. 

While maintained at 75° C. layer 1 15 is then exposed to UV light of 360nm at 0.1 
mW/cnr intensity for approximately 20 seconds to polymerize the exposed cholesteric 
liquid crystals in the blue subpixel region 1 17 of layer 1 15. 

While at 75° C layer, layer 1 1 5 is further exposed at 75°C with a collimated UV of 
about 360nm at another intensity of about lOmW/cnr for about 30 seconds. 

While maintained at 75° C, the mask blocking the blue-green subpixel region 1 17 is 
removed and laver 1 15 is exposed to UV light 360nm at 0.1 mW/cnr for approximately 40 
seconds to polymerize the blue-green subpixel 1 13 of layer 1 15 with the desired bandwidth. 

While maintained at 75° C layer 1 15 is further exposed at 75°C with a collimated 
UV of about 360nm at another intensity of about 10mW/cm 2 for about 30 seconds. 

The mask is then totally removed exposing all of layer 1 15. 

The temperature is raised to 150° C to polymerize the clear isotropic phase subpixel 
region 114. 
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While maintained at 150' C the layer 1 1 5 is then exposed to UV light of 360 nm at 
20 mW/cnr for approximately 30 seconds to set the polymers. 

The PET substrate 1 12 is then removed. Layer 1 1 5 is now ready for installation in a 
display or for other use. 

To make the left-handed reflective cholesteric liquid crystal (CLC) color filter layer 
125 for reflecting red-green broadband light in subpixel region 121. red light in subpixel 
region 127 and all spectral components in a clear isotropic subpixel region 124, the method 
then involves preparing a bottom substrate 1 20 of PVA (polyvmyl alcohol) coated glass, by 
buffing it in one direction. Then, prepare a top substrate 1 22 of PET (Mylar D) by buffing 
it in any direction. 

The next step of the method involves mixing a left-handed CLC polymer comprising 
blue polvsiloxane, such as that sold by Wacker Chemical Companv of Germany as SLM 
90032, 63% by weight, with a low molecular weight nematic liquid crystal, such as that sold 
by EMI Company of Germany as (E44, EMI): 28.6% by weight. Then a low molecular 
nematic liquid crystal such as (TEB30) sold by SL1CHEM of China. 8.4% bv weight, and 
photo-initia.or (IG 1 84. Ciba-Geigy), 0.35% of the liquid crystal polymer, are added to the 
mixture. The above materials are mixed at 120° C and de-gassed in a vacuum for 20 minutes 
at 90°C. 

The mixture is then coated onto the PVA coated glass bottom substrate 120 using a 
knife coater. The coating is preferably about 8-12 microns thick. The coating temperature 
and the gap of the knife coater can be used to vary the thickness of the coating as applied. 

The mixture is then laminated with the PET top substrate 122 using a laminator. 
The temperature and the gap between the rollers of the laminator will effect the final 
thickness of the film. 

To make a CLC film having red-green subpixel region 121, red subpixel region 127 
and clear subpixel 124 in layer 125, layer 125 is heated at 75° C with the PET substrate 122 
facing up. The heating is preferably done on a hot plate. 

While layer 125 is maintained at 75° C. it is preferably mechanically sheared to align 
the liquid crystal molecules. Mechanical shearing provides a tangential mechanical force 
which helps align the liquid crystal molecules between substrates 120 and 122 in layer 125. 

With layer 125 still on the hot plate or still heated to 75° C. a mask is applied to 
the top substrate layer 1 22 having the PET material. The mask is applied to block the 
subpixel region of the layer 125 to the red-green subpixel region 121 and clear subpixel 
region 124 leaving the red subpixel region 127 exposed. 
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While maintained at 75° C layer 125 is then exposed to UV light of 360 nm at 0.1 
mW/cm' intensity for approximately 20 seconds to polymerize the exposed cholesteric 
liquid crystals in the red subpixel region 127 of layer 125. 

While maintained at 75° C. layer 125 is further exposed by a collimated UV of about 
360nm at another intensity of about 10mW/cnv for about 30 seconds. 

While maintained at 75° C. the mask blocking the red-green subpixel 121 is moved 
and laver 125 is exposed to UV light 360nm at 0.1 mW/cnr for approximately 40 seconds 
to polvmerize the red-green subpixel 121 of layer 125 with the desired bandwidth. 

While still at 75° C layer. 125 is further exposed by a collimated UV of about 
360nm at another intensity of about lOmW/cnr for about 30 seconds. 

The mask is then totally removed exposing all of layer 125. 

The temperature is raised to 150° C to polymerize the clear isotropic phase region 

124. 

Maintained at 150° C. layer 125 is then exposed to UV light of 360 nm at 20 
mW/cirr for approximately 30 seconds to set the polymers 

The PET substrate is then removed. Layer 125 is now ready for installation in a 

display or for other usage. 

As shown in Fig. 12A lavers 115 and 125 can be installed in a display device by 
using, for example. UV curable adhesives as applied with the layers 15 and 25 in the device 
of Fig. 2. 

Similarly, as shown in Fig. 27 right-handed and left-handed layers 30. 20 and 35. 25 
from Fig. 5B1 can also be used to produce colored light from hoth polarized and/or 
unpolarized white light sources 201. 

Fig. 1 5 shows another embodiment of the method for patterning the color filter in 
each laver associated with the spectral filter Figs. 1 1 and 13. Instead of patterning "green- 
blue", "clear", and "blue" ("B.G", "clear". "B") as in layer 70 of Fig. 13. it can be patterned 
into "Clear" "B". "B". "Clear". "G.B". "C.B", "Clear". Similarly, laver 60 can be patterned 
to be "R,G", "R", "R", "R.G", "Clear". "Clear". "R.G", "R". "R". where "R". »G" and 
refer to the filter laver portion reflecting blue and red light, respectively and Clr refers to a 
clear portion of the layer transmitting all spectral components over the visible bond. If the 
two lavers are aligned in the way as shown in Fig. 15. color filter pixels consisting of 
subpixels (R„ B.. G.) and <G„ B„ R.) will be formed, where "R", "G.'.and "B," refer to the 
red-green, and blue subpixels in transmission. In this manner, the blue B, green-blue G,B. 
red(R) and clear Clr subpixels are doubled up such that one large subpixel takes the place of 
two smaller ones providing an easier fabrication process. Using the same scheme as taught in 
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sho^ ,„ Fig. 23B which is easier ro ma„„f aaure . ' ' " " '° P " 

* *~ aubpiae, top , aye r of Fig. 23B and biue suhpbre, Fig 
23C to form the dear ,Clr) subpiae, „, tbe rop ,av„ of Fig 24B and the green-hlue GB 
^- 8 - f Ofm St o,^ 24 Band tel ,om la) „ 24Crtlha ™l 6e 
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rearranged to form rows and columns with the same color subpixe.s for ease of 
manufacturing. 

As fcrrarcd above, bv swi.ching patterns in just .he .op and bottom layers and 
between the .op and bortom layers, differ. partem* of pixels and s„bpixe.s can be formed. 
Comb.na.ions wirh adjacen, subpixels of .he same color in each lave, are preferred fo, ease 
of manufacture. 

Fig 28 shows vet another embodimen. of the specrral filter stnactur. of the present 
invention, in which the stack of reflective fiber iavers shown in Fig. 5B1 is repeated with 
opposhe-handedness cholesteric liquid corals to form a foo, layer srack. capable of 
fitting anv po,a„aed .igh, component having the correct color characteristics J>on,on 
,00R is formed front right-handed cholesteric liquid crystal material and portion 100L ,s 
fonned from left-handed cholesreric liquid crvstal material. The stack is made by 
polymerizing portion 15L. I5R. 251 and 25R in separate sreps to form rhe four portion 
suck in single laver of CLC marerial 105. 

The polvmcizablc cholesreric liquid crysra, materials used ro make the reflect* 
m „e,ials described above can be mixtures of polymerase and „on-po,yme,izab,e 
cotnponen.s. The polvmerizabl. components may be monomers, oligmers. nematics. or 
aa ,ve chbal additive, The non-polymeriaable component may have a pitch distnbutron 
which is non linear, resulting in a broad-band of reflecrion wavelengrbs in the ref.ect.ve 
choleric liquid crysta, Cor fibers produced. Preferably, rhe non-poWmcrizable ,u,d 
cvstal componen, is phase segregated from the polymerize liquid oystal and d,ffu*s 
aiong the UV field to generate a pi.eh gradient. The bandwidth is ghosted bv the d,ffus,„n 
tare of the non-polarizable liquid crysral component being slower than rhe polvmeriaauon 
rate of the polymerizable liquid crystal. 

Se^IlH-^^ 



Fie. 2 



,n the illustrative embodiments shown in Figs. 29 through 30F. the backlighting 
structure 7 is realized in a manner described above. Understandably, there are other 
techniques for producing a plane of unpo.arized light for use in connection with the LCD 

panel of the present invention. 

In the illustrative embodiment of Fig. 29 through and 30F. the pixe.ated array of 
polarization rotating elements 9 is realized as an array of linear polarization rotat.ng 
elements 9' formed within a single plane. As indicated in Figs. 30A1 and 30A2. each pass- 
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band linear po.arizmgrefiective Cement 10A . 10B , ,0C ,n thepTO , aledpass . bandll 
Prizing p.„e, 10 - has s LP2 characteriMk ^ >vhereas b Md 

hnea, polarizing refleczive pane, „• adjacenl t|)e ^ ^ ^ 

characreruric P**— , stare a™, the btoad-band linearlv ^ ^ . 

has an LP2 characteristic polarization stare. 

A method of making lhc b , Md . band |lnMr|v rencc . ve pane|j s , 

disciosed in great decai, in ,„« mationa , App|icalion Numbcr ^ 

Super Broad-band Polarizing ReHec.ive MareHal" published on May 9 1997 under 
Inrematrona, Publication Number WO 97/, 6762. which is incorporated herein bv reference 
■n its entirety. The reflection characterise ofrbo broad-band hnearlv 
pane 8 are graphics illustrated in Fig 30D for ,„c,de„, ,igh, Kaving linear pol.Hzarion 
stare LP. . whereas rhc refieczion characteristics of rhe broad-band lineariv prizing 
re eczive pane, „ • are g ,aphic a „ y i„ ustr ared in Fig. 3 0C for incident „g„, havlnf linear 
polarization state LP2. 

In rhe i^trative embodimem of figs ^ ^ ^ ^ 

array 9 is reaiized as an array „, e,.„ ro „ica,,y-con t ro,,ed „nea, po.arization ro.aring 
elements 9A . «•. ,C f „ rotating the l.nearlv H .r,zed e,ec.,ic fie,d along LP, ,„L Lp 2 
portion db-ection as the ,igh, rays are transmit through the spadaHv corresponding 
pixels in the LCD panel. ,n .he ifiuscracive embodiment of Fig, 30A, ,„d30A2.each 
eWnically-conrzolled l^ar po„ rt ^„on rotating element can be reabzed aa a ttvisred 
nematie ,TN, „ quio crvslal ^..^ ^ ^ ^ ^ ^ ^ ^ 

eleezrte ce.l. whose operation is by conrroll.d by , conrro, voltage wcll „„„„ ,„ ^ T<> 
cons,™ the linear polarization r0 ,a„„ e e ,emen,s. thin fi,m transit (TFTs) can be used 
» create the neceszarv voltages across , ,aye, „, , iqu , d ^ ^ „ ^ 
of he „ q u,d crvsta, m„,ezz,,e s and .bus cause the corresponding elemen, ,„ „ rolat£ tha 

stare „,. no vofrage is ap P „ed,. the e,e«,ic field intensity of „gm exiting from lhe „ 
subszantiafiy zero and thus a -dart" subpixe, level is produced. ,„ , B elecicallv-aczive srate 
(r.e. the threshold voltage V, is applied,, the electrtc fie,d inrensiry o, ,igh, ex,„„g from the 
ce„ ,s substantially non.zero and thus a "bright- subpixel level is produc ed 

In .he iuuzrrafive embodiment of Fig. 30A, and 30A2. the p,xe,a,ed arra, of speczra, 
filtenng e,emen ls „,. speclra , „,,„ st „ ,„ „ ^ ^ ^ ^ ^ ^ 

po.anz.ng refiecb. Cements 10A', ,08". IOC formed wi.bin a single plane. Broad-band 
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As shown in Fig. 30D. each pass-band polarizing reflective element IOC associated 
with a "blue" subpixel in the pixelated pass-band linear polarizing panel 10' is particularly 
designed to reflect nearly 100% all spectral components having the LP2 characteristic 
polarization state and a wavelength within the green reflective band AX * or the red 

reflective band AXr , whereas all spectral components having the LP2 characteristic 

AX. . . 

polarization state and a wavelength within the blue reflective band are transmuted 
nearly 100% through the pass-band polarizing reflective element. The pass-band polarizing 
reflective clement associated with each "blue" subpixel is "tuned" during fabrication in the 
manner described hereinabove. 

As shown in Fig. 30E, each pass-band polarizing reflective element 1 0B' associated 
with a "green" subpixel in the pixelated pass-band linearly polarizing panel 10' is 
particularly designed to reflect nearly 100% all spectral components having the LP2 

characteristic polarization state and a wavelength within the red reflective band AXr or the 

blue reflective band AX » . whereas all spectral components having the LP2 characteristic 

polarization state and a wavelength within the green reflective band A * ° are transmitted 
nearly 100% through the pass-band poling reflective element. The pass-band polarizing 
reflective element associated with each "green" subpixel is "tuned" during fabrication in the 
manner described hereinabove. 

As shown in Fig. 30F. each pass-band polarizing reflective element 10C associated 
with a "red" subpixel in the pixelated pass-band linear polarizing panel 10' is particularly 
designed to reflect nearly 100% all spectral components having the LP2 characteristic 

polarization state and a wavelength within the green reflective band G or the blue 
reflective band, whereas all spectral components having the LP2 characteristic polarization 

state and a wavelength within the red reflective band AX " are transmitted nearly 100% 
through the pass-band polarizing reflective element. The pass-band polarizing reflective 
element associated with each "red" subpixel is "tuned" during fabrication in the manner 

described hereinabove. 

The pixelated pass-band linearly polarizing reflective panel 9' can be fabricated in a 
manner similar to the way described in the LCD panel fabrication method described 
hereinabove. 
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The Second Generalized I CD Panej C .nstmriinn Of tk» n ^ 

In the second generalized LCD pane, constnaction shown in Fig. 31, spectra! filtering 
occurs before spatial intensity modulation. In the first illustrative embodiment of this LCD 
panel construction shown in Fig, 3,A, and 3 1A2. circular polarization techniques are used 
to carry out the spatial intensity modulation and spectral filtering functions employed 
therem. In the second illustrative embodiment of this LCD panel construction shown in 
Figs. 32A1 and 32A2. linear po.arizat.on techniques are used to carrv out the spatial 
■ntensuv modulation and spectra, filtering functions employed therein. In each such 
■Hustrative embodiment, modifications are made among the various components of the LCD 
pane, shown in Fig. 31. Details regarding such modifications will be described hereinafter 

In F,g. 31 . the subcomponent structure of the second generalized embodiment of the 
LCD pane, hereof is shown in great clarit, As shown, the second generalized embodiment 
of the LCD pane. 2 comprises: a backlighting structure 7 inc.uding a quasi-diffusive 
reflector 7A. for producing a p.ane of broad-band light having a substantial uniform light 
■ntensity over the x and y coordinate axes thereof; a broad-band CLC-based polarizing 
reflective pane, 8; a light condensing fi.m .aver 410 applied to the broad-band polarizing 
reflective pane. 8 : pixe.ated array ,0 of pass-band prizing reflective (filter) elements 10A, 

0C SPCCtral fikering ° f 1 W ^ d *™ *e backlighting structure; a pixelated 
array 9 of polarization direction rotating elements 9A, 9B, 9C for spatial intensity 
modu.ation of light produced from the pixe.ated array of pass-band polarizing reflective 
(filter) elements; a broad-band polarizing reflective pane. 1 1 for cooperative operation with 
the pixe.ated array of portion direction rotating elements 9 and the pixe.ated array of 
pass-band po.arizing reflective (filter) elements 10; and a po.arization-preserving light' 
diffusive film layer 420 app.ied to the broad-band reflective po.arizing pane. 1 1 to improve 
the angular viewing performance of the LCD pane! assembly. In an alternative 
embodiment, a broad-band absorptive-type panel can be substituted for broad-band 
po.arizmg reflective pane. I , in order to reduce glare due to ambient fight incident upon the 
LCD panel during operation. 

In order ,„ produce high-region c ol „, imagK . the spaUal ^ Q , ^ ^ 
arrays 9 and ,0 is seiecred ,o he relative* sntal, in rebtio „ „ lhc ovcra „ ^ 
dimensions o, ,he LCD panel. ■„ a conventional manner, each pice, stmaure in lhe LCD 
pane, is comprised of a red subpicel 13A. a green !u bpixei !3B and blue subpixei !3C As 
shown rherein. each red subpicel « ,3A comprte a red-band spectra! filtering 
element ,0A which is spatUUv regrstercd with a firs, potion dirmio „ ^ 
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,A Each green subpbte, l» comprises a green-band spea,., filtering element 

|« sp.riallv re gi S ,c,cd with a second polarization direction rotating element*.. Each 
blue S ubpb.el 13C comprises a blue-band spec,,,! f„.ering dement 10C spacaUy 

„g ls ,e, e d with a .hlrd ^ direcrion rotating dement 9C. The output 
0 . brightness or darkness leva,, of each red subpixel strucurc is conrrolled by appiyrng 
prdse-width modularcd volugc s,gnal V. ,o .be decodes of irs dccrricaUy-conuoled 
sp „UUv intensitv m„du,a,ingdemenr. The ou.pu, in.ensi.y of each green subpixel 
suueure is controlled bv applying pulse-wid.h modula.ed eoUage signal V c to the 
erodes of its elearically-conrrolled spa.iallv inrensuy modula.ing element. The output 
in.ensitv of each blue subpixe, structure is con.rolled by providing pulse-widrh modulated 
v„,.age signal V. applied .o .h. decodes of ,.s dectric.lly.conrroued spatially intensity 
m odula.,ng demon.. Bv simply con.rolling rbe tvid.h o, the above-described voltages V,. 

^ahtn^olevel of each subpixel structure can be 
V c , V B , the grey-scaie intensity (i.e. brightness) levei oi c*» r 

controlled in a manner well known in the LCD panel art. 

In Figs 31A1 through 31F. a circularly polarizing embodiment of the system shown 
in Fig. 3 1 is shown in detail, along with a schematic of its operation during the generation of 

bright and dark subpixel structures. 

In Figs 32A1 through 32F, a linearly polarizing embodiment of the system shown » 
Fig. 3 1 is shown in detail, a.ong with a schematic of its operation during the generation of 
bright and dark subpixel structures. 

..-^■n^ To The Four IW ! CO Svsrem P , i m> To Pednco Sto £ rom Anrb.en r 
1 ) c Kr And Im prove Image Contrast 

As shown in Fig. 33. the LCD panel of Figs. 3AI and 3A2 is shown modined by 
anting a first b,o,d-b,nd absorptive circulat polarize, pane, 8A" to the front surface of 
br „ad.band circular.v polarizing reflective pane, 8". and mounting . second broad-band 
absorptive cimula, polarize, pane, 1 1 A" .0 the front surface of broadband circulariy 
poking reflective pane, The polarization state of broad-band absorptive .circular 
polarize, panel 8A" is LHCP in order to match the LHCP pol.rfaa.ion state of broad-band 
cucula.lv polarizing renective pane, 8". Such polarisation ma.ching ensures .hat spectral 
energy svhich is not reflected from the broad-band po.ariz.ng reflective panel 8". but ,s 
tr.nsmit.ed (i.e. leaked, therethrough due ro , subop.im.l extinction ,.„„, Is absorbed by 
lhe bns.d-b.nd absolve circular polarizer pane, 8A" rhrough ene,gy dissipation. 
Slmila.lv. the polarizarion s..uz of broadband absorprive circular poLrize, panel 1 1 A ,s 
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therethrough due ,„ a suhon, , ""rammed ( U . leaked) 

absolve ecu,,, Hari2ers 8A .. " ' ' ' * « - 

.onrad6v,h,LCD„ „. ,? ^"^'^^con^ofi^ 

band ,i„ea„v polanamg aedecdve „, „. ' "* °> 

linear pobtHaer pane, MA' to J, ""' U "" n? ' ^ 

» order to ntateh the LP, „„, ■ ^ """" P-'*" 2 " punel 8A- is LP, 

— to a c : t:z *" * ■ bM h '~ —o 

r»W pane, 8A' ZZ ' ' a "°' "* "* *- 

poUrizarion state of broadband linearly po,ariz2g reOenlw ^neH r" Such pof 2 ■ 
P . but ,s transmuted (i.e. leaked) therethrough due to a suhnn, • , 

™ y . ^ , e or braad . band absorptive linear g 8 ; »■ 

.mprovesthec 0 ntrastof images fo rme dbvtheLCDpa ne , h ^ 
transmission efficiency alon, th, r h ' lhe '* ht 

aency along the light projection a*is of the LCD panel Wh h , u 

absorptive polarizers ran h„ ■• ^ P buch br °ad-band 

r puiiuzers can be realized us ne dichroir 

art. S C P 0,anan 8 material well known in the 

As shown in Fig. 35, the LCD panel of Fin * i a i 
hunting a first broad band K • * ^ 3,A1 and 3 'A2 can be modified bv 

broad-band absolve circular polarizer SA" to the front surface of broad- 
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band circularly polarizing reflective panel 8". and mounting a second broad-band absorptive 
circular polarizer panel 1 1A" to the front surface of broad-band circularly polarizing 
reflective panel 1 1 " The polarization state of broad-band absorptive circular polarizer 
panel 8A" is LHCP in order to match the LHCP polarization state of broad-band circularly 
polarizing reflective panel 8". Such polarization matching ensures that spectral energy 
which is not reflected from the broad-band circularly polarizing reflective panel 8", but is 
transmitted (i.e. leaked) therethrough due to a suboptimal extinction ratio, is absorbed by 
the broad-band absorptive circular polarizer 8A" through energy dissipation. Similarly, the 
polarization state of broad-band absorptive circular polarizer panel 1 1A" is RHCP in order 
to match the RHCP polarization state of broad-band circularly polarizing reflective panel 
1 1". Such polarization matching ensures that spectral energy which is not reflected from 
the broad-band polarizing reflective panel 1 1 but is transmitted (i.e. leaked) therethrough 
due to a suboptimal extinction ratio, is absorbed by the broad-band absorptive circular 
polarizer panel 1 1 A" through energy dissipation. The use of broad-band absorptive circular 
polarizers 8A" and 1 1 A" substantially improves the contrast of images formed by the LCD 
panel, without reducing the light transmission efficiency along the light projection axis of 
the LCD panel. Such broad-band absorptive polarizers can be realized using dichroic 
polarizing material well known in the art. Preferably, these absorptive circularly polarizing 
filter panels 8A" and 1 1 A" are laminated directly onto broad-band circularly polarizing 
reflective panels 8" and 1 1", respectively, during the fabrication process of the LCD panel. 

As shown in Fig. 36, the LCD panel of Figs. 32A1 and 32A2 can be modified by 
mounting a first broad-band absorptive linear polarizer 8A' to the front surface of broad- 
band polarizing reflective panel 8\ and mounting a second broad-band absorptive linear 
polarizer 1 1 A' to the front surface of broad-band polarizing reflective panel 1 1 \ The 
polarization state of broad-band absorptive linear polarizer panel 8' is LP1 in order to match 
the LP1 polarization state of broad-band linearly polarizing reflective panel 8\ Such 
polarization matching ensures that spectral energy which is not reflected from the broad- 
band polarizing reflective panel 8\ but is transmitted (i.e. leaked) therethrough due to a 
suboptimal extinction ratio, is absorbed by the broad-band absorptive linear polarizer 8A' 
through energy dissipation. Similarly, the polarization state of broad-band absorptive linear 
polarizer 1 1 A' is LP 1 in order to match the LP1 polarization state of broad-band polarizing 
reflective panel 11*. Such polarization matching ensures that spectral energy which is not 
reflected from the broad-band linearly polarizing reflective panel 1 1 \ but is transmitted (i.e. 
leaked) therethrough due to a suboptimal extinction ratio, is absorbed by the broad-band 
absorptive linear polarizer 1 1A' through energy dissipation. The use of broad-band 



WO 00/70400 

- 74 - PCT/USOO/13562 
absolve linear polarize,, 8 A a „ d , 1A' substan.ially improves , he coraran of 
formeri hy tne LCD pane,. wi,„„„, reducing ,he ligh , lransmission efficie „„ 
proton axis of the LCD pane, which, as shown in Fig. 2. extends , rom , he , J 
structure towards lhe eyes of the ^ Such broad . band ateorpijve po|ariKrs ^ ^ 

rated u S ,„g dichroic polarizing materia, well kno „„ ,„ , he m P[eftrab|v ^ 
absolve polarizing „, Mr panels 8A - and 1 | A ' are laminated ditealv oluo broad . ba „ d 
l.^y poiartog rc„e«i ve panels , an d , , ■. „ specIlvtl , dur ,„ g thc 
the LCD panel. 

As shown in Fig. 37A. the LCD pane, of Che present invention is shown as part of . 
dtreefview ,vpe eo,or image display sysratm , which is capab , e of sup|x)tting d 
htgh-resolution co,o, image, During opera.ion. rhe LCD pane, 2 is activeiv driven by pixel 
drive, oircui.ry 3 in response ,„ co ,„ r image dara se,s produced from . hosc'^m 4 wnich 
can be a compurer-graphics board (subsya.em), a video source (e.g. VCR), camera „, Bfc 
system. The function of the LCD pane, 2 is ro spa.ia, in.ensi.y modu„ tt and speclra „ y 
fi he, on . subpixe , ^ the |i8ht emiued ftom an edge , ||um . Mu;d back| . ghijng jtmnure 

2A avhich may be- rea.ized in a variety of way, The opricaily processed pattern of ligh, 
forms color images a, ,he surface of the LCD pane, for d i recl viewing 

AS shown i„ Fig . 37B . , ne LCD pane, of ,he pre aen, invenrion T is shown patt of 
a propction-view tvpc ooio, image display system , • which is capable of S u ppor „„ g . 
delaying high-reaolurion colo, imago, During „ P e„,i„„. lne lCD pane, T is actively 
driven by pixe, drive, circuitry 3 in response IO color image da , a ^ ^ 
system 4 which can be a computcgraphica b„a, d (subsvstem,. a video source ,e g VCR) 
camera, o, ,ihe ,v S ,em. The funcrion of „gh. source 5 is ,o produce an d pro,ea a beam of 
hght through the emire extern of ,he LCD pane,. The function of ,he LCD panel is ,„ 
spaua, intensity module and speoually fiher the projected ligh, on a subpixe, basis The 
optically processed pa„e,„ „, , ight forms color lmages at , hc S urf ace of , he LCD pam| 
whfch are then project by projection optics 6 omo . remote disp , ay ^ 
wail) for projeaion viewing. 

The systems shown in Fig , 3 7A ami 37B are each d esig„e d ,o suppon monoscopio 
vteavtng of color images representative of 2-D a„d/„r 3-D geomera, However, those image 
dtaptay systems can he readily adapted ,„ suppon stMoscopic viewjng of3 . D J 
scenery of ei.her a real and/or synthetic nature. One way of providing ^ vle%vin . 
capaMhiea is to mount «,., , aminate) . micropolari2ation panc , upon ^ ^ ^ ^ 
the LCD panels 2 and 2' in „, d er ,o d , S p,av micropoiarized spatially multiplexed images 
(SM.s, of 3-D objects and scenery. f„, viewing through electricallvpazsive polarizing 
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eyeglasses, as disclosed in US Patent No. 5.537,144 and Internationa! Application Serial 
No PCT/US97/03985. incorporated herein by reference. 

" " " In general, there are manv applications to which the LCD panels of the present 
invention can be put. One such application is illustrated in Fig. 38. As shown, the LCD 
panel hereof can be integrated into a ultra-high brightness color image projection system of 
transportable design. In this particular embodiment, the image projection svstem « 
embodied within a .aptop computer system having both direct and projection viewing 
m odes, similar to the svstems described in Applicant s: International Application No. 
PCT/US96/19718; International Application No. PCT/US95/12846: and International 
Application No. PCT/US95/05133, each incorporated herein by reference in its entirety. 

As shown in Fig. 38. portable image projection svstem 30 comprises a number of 
subsvstem components, name.v: a compact housing of transportable construction havmg a 
displav portion 31 A with a frontwardlv located display window 32. and a base portion 
hingedlv connected to the display portion 3 1 A and having a keypad 33 and a point,!* 
device 34; an LCD panel 2. 2' according to the present invention described above, mounted 
within the hou Sl ng display port.on 31A; an ultra-thin projection lens pane. 35 (e.g. Fresnel 
lens, holographic lens, etc.) laminated to the front surface of the LCD panel 2; a 
backlighting structure T of cascaded construction, mounted to the rear of the LCD pane. 
in a conventional manner; associated apparatus, (e.g. pixel driver circuitry, image display 
buffers, an image displav controller, a rechargeable battery power supply, input/output 
circuitrv for receiving video input signals from various types of external sources, 
coprocessor and associated memorv. etc.). contained within the base portion 32B; a 
projection lens 37 supported by a bracket 38 which can be removed during the d.rect 
viewing mode and stored within a compartment 39 formed within the base portion of the 
housing; and an electro-optica.lv controllable light diffusing pane. 40 which does not scatter 
backprojected light in the projection viewing mode, and scatters back project light ,n the 
direa viewing mode . 

In the direct-viewing mode of the system of Fig. 38. the projection lens 37 is stored 
within compartment 39. e.ectro-optical.y controllable light diffusing pane. 40 is switched to 
lts light scattering state, and the backlighting structure produces light which is spaual- 
intensitv modulated and spectrally filtered to produce color images on the surface of the 
LCD panel 2. In the projection-viewing mode, the projection lens 37 is mounted along the 
projection axis (optical axis) 41 of the Fresnel lens pane. 35. electrically controHable 
light diffusing panel 40 is switched to its light non-scattering state, and the backlighung 
structure produces light which is spatial-intensity modulated and spectrally filtered to 
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produce color images on the surface of the LCD panel 2 P • • , 

formed color imaee onto , ^ 37 P r °' ects the 

ur ,ma ge onto a remote viewing surfir^ 49 r«, 

"ansponabie s> ,cc, w„b tnis dcslg , , here „ „„, ^ J ^ d * 

« - * .He ^ easi , folds inI0 . ul , ra , im ^ ron ; su ^:~ o ^" 
storage and transponability. • 

The CLC filter structures described hereinabove can be assemble 
designed for use in various tvpes of LCD oan . " ° Pt,Cal ^ 

.remits lcft . handed cirailar|y P-el 1 15 wh,ch 

60 and 70. A quarter-wave plate 80 adjacent reflective cholesteric lin ■ . 

P*-d wtacb . used in , iquid _ al d)splavs such b • 

W16762. taKrnauonal ApplicaUon PCX/US96/1 4264 pub.i s hed hv WIPO „ > , 

■»» as wo „ and imcrnationa , Applicaiion N PCT 2Z2 r 

herein bv <tr mmx ' a pan hcrMf 'ncBrporaied 

black nwn, „ provlded by black mauk '#t. A 
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banded cholestcric liquid crysr.1 color filter layers .0 and 50. A quarte,^. place 80 
adiacen, reflective choleric liquid crystal co!or filters In lave, 40 transforms the 
emitted lef,.handcd ci,cxa,a„y p*ri«d light into linearly polarized light, rvhic is used 
,„ , iqui d cn»l drsplays. Quartcwave plates can be used ■„ convert circularly polanzed 
„ 8 M to Unearlv polarized light fo, any of the embodiment shown fo, devices using hncriv 
prized light', such as displays having ttvrsted nematic phase to activate rhc transmission o, 
selected component of lighr rhrough the pixels in the displays. 

F« 4 1 shows , modification of the spectral Hirer structure of Fig. 1 1 . wherein a 
of white unpoladzed light incident on a right-handed cholestenc liquid enrsta. lave, 
„J fo, emitting a broad hand lefr-handed circularly polarized light covering the pnmary 
^ and ,cflcct,n 8 the commentary nghr-handed eircuiarlv poladzed light. When .he 
„een,cd ICR) porrion of lay., 60 overlaps the hloe-green (B.G) ponion and the blue (B 
Lion o, laver 70. a black matrix is created at the overlapped porrron. which separates the 
Lsmirted colors as described above. The remitted light from laye, 70 then passes 
rbmugh the quarrer-wave plate 80 and is converted .0 linearly polarized lighr, making .. 
suitab lc fo, use in a display which uses twisted nema.ie or super .wasted nemauc CLC 
Omenta ,o acrivelv-contro, the transmission of selected spatial components through the 
pixel structure* of Ihe s^ra, fiUe, in coniuncdon with a broad-band linear poladzing 
Ivzcr. The abilitv to embody a blacK matn, structure into the spectral fllte,— 
,mp,„ves colo, contrast, and eliminates the need ,o deposit .aye. fo, reflective mashing, o, 
other means of blocking light » form the black ma.ri* srructures cmpioved in prior arc 

"^ The modification, described above are merely exemplary. Ir is understood that orhe, 
modifications to rhe Illustrative embodiments will readily occur to persons with ordinary 
skill in the art. All such modifications and vanauons arc deemed to be within the scope and 
spirit of rhe presen, invention as defined by .he accompanying Claims to Inv.ntmn. 
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CLAIMS TO [NVENTTON 

1 • A rCneCtiVe Ch0,eStCric <™al color filter comprising- 

a first laver of reflective cholesteric liquid crvsta. color filters of one handed 

second center wavelength and. 3 

.« M i„.,.,.^ i ., M .„ lli- . -i 

w.ff , cr " "rst and second layer reflecting portions reflect 

Afferent wavelengths of incident light of the same hanH.H / 

wavelengths. handedness and transmit the remaining 

2- The reflective cholesteric liquid crvsta. color fi.ter of claim ,. .herein 
the first reflecting portion overlaps the third and f™.r,K n - 

-* .ha, three oaods of wave,e„ glhs are IransmkKd ^ ^ ^ 

3. The revive cholesteric „ quid ^ ^ mm of da . m ^ ^ 

the three center waveiengths ate for the coiont rcd-green and ^ 

4. The reflective choleric liquid cmta , ^ rf ^ , } ^ 

the bandtvidths are narrow such that thev are matched to ,h K 
Incident light. ' d to ,ht ""ralwdiht of the 

5. The renecth, choltslcric ,^ ^ ^ ^ ^ ^ ( ^ 

the t™, | ayers of reflective cho| 
W ha,„g a ,op ponion of choieateric liqui d ervauis ^^oZ^ ^ 
- b »" d — of „gh, than the botton, ^ion " "*"" 
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6 The reflective choleric liquid crystal color ilh« of claim 2. wherein 

M and forth .avers of cholesreric liquid crystals are added, the rhird layer 
marching rhe «« .aver except ,i,h opposire handedness and the forth layer matching 
^ L excep, wirh oppose handedness such ,h„ an y incident l.ght „,th a selecced 
color is transmitted through rhe color filters and incident light fo, a„ orher colors . 
reflected. 

7 The reflecrive cho!es,eric liquid «y»l color filter of claim 1 , wherein 
' the first bandwidth include, the colors blue and green, and the third bandwrdth 

includes the colors green and red. 

He s econd Ldwidth includes the eolo, biue and the fourth bandwidrh includes rhe 

I clear transparen, portion in .he second layer is paired vertical* with the firs, 

bandwidth, ... 
a dear rransparen, portion in the first layer is paired vertically w„h the rhrrd 

"""""Hid the fourth reflective porrion in the second layer is paired venically with the 
second reflective portion in the first layer. 

such rhat red is rransmitrcd through rhe first bandwidrh, blue is 

„. third bandwidth and green is d rhrough the second and forth bandwidtbs .0 

provide the primary colors for a display. 

8 The reflective cholesteric liquid crystal color filter of claim 7, wherein 

the third reflective portions overlap the fir* reflecting portions and the second 
reflecting portions and the first reflective portions overlap the third and forth reflective 
portions, such that a blade matrix is formed bv reflect.ng al, light in the overlapping 
portions. 

9 The reflective choleric liquid crystal color filter of claim 7. wherein 

th ird and forth lave, of cholesteric liquid crystals arc added, the third laver 
marching the first laver except with opposite handedness and the for* layer matching the 
second .ave, except with opposite handedness such rha, any incident Ugh, tvith a selected 
cotor is transmitted through the color filters and incident light for all other colo* is 
refleaed. 
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10. The renecr.ve cho les « ric liquid ciysta] color filrer of claim 8. lvhereln 

««* and forth layers of choteteric , iauid CIysu|s ln 
™ch,„ s the „, !t layer ejcep , iv , (h ^ .aye, 

— ,,,, e xrepl opposltc handtdness such that *zz"r m : ? the 

color is transmitted thro„ 0 i, k , , 'nc.dent light with a selected 



' I- TKe revive eh„,e !t e ric ,i, uid m ,, a| „,„ ^ rf ^ ? ^ 

'2. The reflect choleretic ,i qu ,d crystal color filter of claim 2. wherein 

' 3 ' ^ Ch0tet " k "1* «*«< color fi„„ of claim ,2. ,v„ e „i n 

a crcular polarize, of opposite handedness of ,he cholcs,™,- n„ va 
«« - second l aV e,s po, a riz„ onpolar.zed ,i g h, ^ °>"* " * 

a ouaner-wave pla.e conve.ls ihe circularly polarized l,„k, 
and second lavers into linearly polarized. ' ? * 

•4. The renecrive cholesrcnc ,i g „id cryslal color „„„ „ f ^ . ^ 
a areolar polarizer of opposite handedness of the cholesreri ■ r -., 
- and second .ayers polarizes u „ p „, an2ed „ gh , ^ ^ ^ " * 

and ^ f ' 0m — " "~ "> * «* 

and :' a " C " CUU *' ^ «* '—red hv rhe „rs, 

and second layers mto linearly polarized light. ' 



15. The reflective cholesteric | iquid ^ coJor ^ 



claim S, wherein 
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a circular polarizer of oppos.te handedness of the cholesteric liquid crystals in the 
first and second lavers polarizes unpolarized light incident thereon. 

a quarter-wave plate converts the circularly polarized light transmitted by the first 
and second layers into linearly polarized light. 

,6 The reflective cholesteric liquid crystal color filter of claim 1 1. wherein 

the circular polarizer is a broad band cholesteric liquid crystal polarizer. 

, 7 The reflective cholesteric liquid crystal color filter of claim 14. wherein 

the circular polarizer is a broad band cholesteric liquid crystal polarizer. 

18 The reflective cholesteric liquid crvsta. color filter of claim 15. wherein 

the circular polarizer is a broad band cholesteric liquid crystal polanzer. 

19 The reflective cholesteric liquid crystal color filter of claim 1 , wherein 

the first laver of reflective cholesteric liquid crystal color filters of one handedness 
has a fifth reflecting portion having a fifth bandwidth around a fifth center wavelength 

the second laver of reflective cholesteric liquid crystal color filters of one handedness 
has a sixth reflecting portioning a sixth bandwidth around a six center wavelength, 

the bandwidths and center wave.engths of the first laver and the second layer are the 
same and overlap each other such that the first reflecting portion is vertically adjacent the 
third and forth reflective portions, the second reflective portion is verticallv adjacent the 
forth and sixth reflective portions and the fifth reflective portion is vertically adjacent the 

sixth and third reflective portions, 

p ,us a third and a forth layer identical to the first and second layers with opposue 
handedness, the third and forth layers aligned to match the reflecting portion positions of 
the first and second layers, such that any incident light with a selected color is transmuted 
through the color filters and incident light for all other colors is reflected. 

20. The reflective cholesteric liquid crystal color filter of claim 19. wherein 
the three center wavelengths are for the colors red-green and blue. 



21- The 



reflective cholesteric liquid crystal color filter of claim 2. wherein 
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22. The ,e„ec„ve choleric MquM ^ color Bk „ of ^ ,, ^ 
and ,he second lave, has .epearing p ,„ e ,r, lvilh , , . '""P"* 15 ' 

23. The ,e„ec,ive choleric liquid cvsu, «,,„, fi, ter of c|aim ^ 

•he lave, s are used in displays having an amv of pixel, eaeh pixel havine ,h 
-he wid.h „„ ac „ „ sh , rencai „ g in ^ *« 

24. The reffeaive choreic ..quid avsul color fiUe, of claim , . 

.he l,ve„ « „ !ed i„ di S p, ays having an arrayof pi „ |s . cach 

2;t ; the adiactra p " is ha - ^ — » - C 



25. The ecfleaive choleric „ q uid emu, c„,„, fiUe, of clai m , whercin 

.he lavess « used in displavs having an a„av of pi«,, each ^ ^ 
-b » b . „h„e .he adiacen, p.ela have eeveased a„ bpM ^ 1, ,„„ 

26. The reflecive eho.es.eric liquid crvaud colo, nice, of claim 7. . ,vh„ei„ 

; hel ^«^indi s p 1 avshavi„ 8 ananra y ofpi,el S .eachp 1X e,havi„ 8 , hre e 
"*~ ' hC ■*« ** h »e eevesed s „hp,e, pa„e ms uch that £L 



27. The rtto, choteleric „ ouid cr> , la , f „ ttr rf daim fi ^ 



MM Minim i 
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t h. Iavers are used ,n displays having an array of pixels, each pixel havmg three 
^pixels, tvhere .he adiacen, pixels have reversed subpiae, pauerns such rhar adiacen, 
pUds have refleeuve color porrions subpixel widths in size, half in each pixel, for ease 
of manufacture. 

28 The reflective choles.eric liquid cryaral color fiber of claim 12. wherein 

lhe ,,v« aa- used in displays having an array of pixels, each pixel having rhree 
subpixels. where rhe adiacen, pixels have reversed suhpixe, pauczn, such rhar adiaoen, 
p„el S have renecrh, color ponions rrvo subpixe, widths in size, half in each prxel. for ease 
of manufacture. 

29 The reflective cholesteric liquid crystal color filter of claim 1 . wherein 

a displ«v having rows and columns of subpixe.s for a disp.av arrav has 
at lc ast two rows and at least two columns of two layers of reflecting color filters for 
pixels such that there are four subpixels per pixel. 

30 The reflective cholesteric liquid crystal color filter of claim 29. wherein 

each pixel has a red. a green, a blue and a white transmitting sub P .xel. 

3 1 ' The reflective cholesteric liquid crystal color filter of claim 29. wherein 

at least two adjacent subpixels in a layer have the same color for ease of 
manufacturing the displays. 

32 The reflective cholesteric liquid crvsta. color filter of claim 29. wherein 

at least one row of adjacent subpixe.s in a .aver have the same co.or for ease of 
manufacturing the displays. 

33 The reflective cholesteric liquid crystal co.or filter of claim 29. wherein 

at least one column adjacent subpixe.s in a layer have the same co.or for ease of 
manufacturing the displays. 

34 The reflective cholesteric liquid crystal color filter of claim 1 . wherein 

the light entering the reflective cholesteric liquid crystal co.or filter emanates from a 
backlight and is collimated in a collimator and then enters a reflective polarizer for 
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providing a wide viewing angle without color distortion in the reflect k , 

crystal color filters, W cholester ^ liquid 

the light then enters the reflective cholesteric liquid crystal color fi.r 

the transited ,i g ht enters a quarter-wave plate to he linearly polarized , 
the Imearly polarized light then enters a liquid crystal lieht v.Jv , 
light therethrough, crystal l.ght valve to seleaively pass 

light passing though the light valve passes through an analyzer and a diflu 
'Huminate a color display. * dlfftlser to 

35. The refleaive choiesteric liquid crvstal color fi.ter of c.ai m 2. wherein 
the hght entering the reflective cholesteric liquid crystal color ffl. 

P-»v,di„ g , wKfc vimin( , >vithout ■«*"» f« 

erysial color fillers. M,Ve liquid 

"* li|h. .hen enrer, the reflective eh„l e5 ,e, ic | iQuid cmu , 

r=r,:r — — — 

•he ,«.ed „ s h, etttets . „ avt „„„ „ ^ ^ 

36. reflective choreic „,„id cr™, co,o, fiher of Cairo 7. ,vhere,„ 
*e l.gh, e„,„ ins lhe re „ raive cho|es( 

.he *, ,he„ enters , fie reflective ch„,es.e„c liouid color fl|t „ 

ad,acen. fi, sl and srand , ™™ the 

■he .rained h |h , enters a ona n e,.,v,ve platt „ ^ , inearly ^ 
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„. UneaHy polarized Ugh. .he. .mera a liquid crystal Ugh. valve ,o lively pass 
light therethrough. 

Ugh, passing .hough fte ligh, valve passes ftrough an m*m and a M- 
illuminate a color display. 

37 The .efleaivc choleric liquid crystal color Om of claim 29. wherein 

the Ugh. emering -he rcflccivc choles.eric liquid crys.a, color filter cnr.na.es from a 
o^igh, and is colUmated in a co.Uma.or and .hen enters a revive polarizer ">< 
p roviding a wide viewing angle wiihou, color dis.or.ion in ,he reOeaivc choline „qu,d 
crystal color filters. 

• the ligh , ,„en enrers ,he reflective cholesteric liquid crvs.al color niter were the 
adia «n, fust and second „ye, reueaing portions-reucc. different wavelengths „, inciden, 
M, of ,he same handedness and .ransmi. .he remaining wavelengths, 

the transmitted light enters a qua.er-w.ve plat. r„ be linearly polarized. 

fte Uneariy polarized light .hen enters a liquid crvstal ligh, valvc to scl.civ.ly pass 

light therethrough, j.«„. rtn 
lign, passing though .he ligh. valve passes through an analyzer and a d.ffuse, to 

illuminate a color display. 

38. A process for manufacturing a reuective cholesteric ,„uid cwsta, color fdrcr comprising 

Z 'mizing a cholesteric liquid crvs,a, ma.ena, »ub jK t to polvmerization by eaposum 
„ a specif,, frequency u,„avi„,.r ligh, a, a spe* tcmpera.ure ,0, a specif* rime ,0 y,e« a 
speciflc color band o, region from » pi.ch gradien, in the cho,es,e,ic liquid orys,a, when 

polymerized; 

(b) degassing the mixture in a vacuum; 

aching ,he mi»u,e of choleric liquid crystal material between a top substrate 

and a bottom substrate; 

(C) par,,* mashing one of ft. substrares ,o block UV ligh, passing ftercftroetgh 
preven , polvm.nzz.ion of ,h. mixtur. of chol.s,.,ic liquid oysra. ma,. n the mashed 

■""'""id) seeing ,h. ..mpcrarur. of ,he mi.™, of cholesteric liquid crv S ,al ma,.rial ,o a 
first specific temperature; 
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(e) exposing the unmasked mixture nf rh„i 
-diation for a first ien*h of f ■ 7 ^ ^ » * &* UV 

^CXZTZZzt'- 

m — d. miMure of choles[eric , iquid cmia| 

39 Thc P r °«* of claim 38 wherein: 

1 " **-* P»'.™e r „, ue po^, SIM 

approximately 84. 1 % by weight ' (Wacker), 

a low molecular weight nematic liquid crystal EMI F44 

a 'eft-handed chira, dopant EMI S ,01 , ' ™ % 

P tMI M01 1. approx,mately 0.1% bvweight 

a photo initiator Ciba-Geiev IC - ' 

weigy HjJ84 approximately 1 % 

the first temperature is set to approximately 1 ory'r ^ ■ 

~c ltquid ^ mMeriaI ^ to u r 2r 3 m ^r m, "r of 

at an mtensity of about 2.77 mW/cnr for ah« „ ^length 
cno-esteric , iquid cmtai " ^ ' ? » ™* a blue refiectmg 

'ower the mixture of cholesteric liquid crystal material to 61' C f k 

^nj , he la> , r ,„ alhlrdlemperature()f 

approximately 60 seconds af rK,,K ^ , ^ Ior a third time of 

- -nds at thc th.rd ultrayiolet light intensity at about 20 mW/crn*. 

40. The process of claim 39, wherein 

- — .re — W « , «, c ^ ^ is ^ 

41- The process of claim 39, wherein 
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the mask applied has openings for two separate adjacent subpixels. 

42. The process of claim 39, wherein 

the mask applied has openings for one large pixel. 

43. The process of claim 38 wherein: 

the mixture of cholesteric liquid crystal material is a left-handed cholesteric liquid 
crystal polymer blue polvsiloxane. Wacker SLM 90032, approximately 79% bv weight 
a low molecular weight nematic liquid crystal, EMI E44 approximately 20% bv weight, and 
a photo-initiator Ciba-Geigy IGI84 approximately 1%; 

the first temperature is set to approximately 58° C and the unmasked mixture of 
cholesteric liquid crystal material exposed to ultraviolet light of about 360 nm wavelength at 
an intensity of about 1.0 mW/cnv for about 77 seconds, to make a red-reflecting cholesteric 
liquid crystal portion; 

the mixture of cholesteric liquid crystal material is raised to 83° C for about 5 
minutes to control the bandwidth of the red -re fleeting cholesteric liquid crvstal polymer; 

the second temperature set to approximately 70° C and all of the mixture of 
cholesteric liquid crystal material exposed to the second UV radiation of about 360 nm 
wavelength at an intensity of about 20.00 mW/cm 2 for about 60 seconds, to make a green- 
reflecting cholesteric liquid crystal portion. 

44. The process of claim 43 wherein: 

the substrates are mechanically sheared while at 58° C before the mask is applied. 

45. The process of claim 43 wherein: 

the mask applied has openings for two separate adjacent subpixels. 

46. The process of claim 43 wherein: 

the mask applied has openings for one large pixel. 

47. The process of claim 38 wherein the reflective cholesteric liquid color filter laver of claim 
39 and the reflective cholesteric liquid color filter layer of claim 43 are glued together to 
form a reflective color filter for a displav. 

48. The process of claim 38 wherein: 
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the mixture of cholesteric liquid crystal material is 
a left-handed cholesteric ,i qu id crvsta, polymer b,ue po.vsi.oxane. Wacker SLM 90032 
approximately 63% by weight. ' 

a low molecular weight nematic liquid crystal EMI F44 , 

H amstal.tM.E44 approximately 28.6% bvweieht 
a low molecular weight nematic liquid crvsta!, SLICHEM TEfttft " ' 
8.4% by weight, and B3 ° a PP rox »™ely 

a photo-initiator Ciba-Geigy ,G , 84 approximately 0.35% of po.vmer- 
the fa, temperature is set to approximately 75" C and the unmasked mixture of 
cholestenc ..quid crvsta, materia, exposed to Ultrayiolet light of about 360 nm waZl 

cholestenc hquid crystal portion. g 
.he u „„ asked mixlure of cho| „ teric |i9uid cmia| ma criai 

while the choleric , lquld c™, mattrial ls slil , al abou , „. c 
P-uo. . „ d ,„ dttavlota „ ght 3M ^ _ |enph m ^ 

n.W/cni" for about « ^ t0 „, ^ ^ 

.he „„„ askcd mixmre of choles , ericliquid ^ materiai ; 

"c™ h Jmllimated UVofaboo , 3 «,„ mata „ olherimcns ,„ ofab<)ui i0m ;; d ; 

— 30 see.,, lhe second „ ^ ^ _ ~ 

«» - cho tetedc liquid ^ mMrial ^ ihf ^ ^ - 

-e^h a, an , mMsllv of abou[ 2 „ ^ fof ^ ^ *0 » 

49. The process of Cairn 48 wherein: 

.he S »b stral e s a,e nKchan^v sheared whi,e a, 75- C beta u* mask „ applled 

50. The process of claim 38 wherein: 

the mixture of choJesteric liquid crystal material is 

SLM 90032 " lefl Ch0,eSlCriC ' iqUid CA ' Sta ' P ° ,Vmer backer 
90032. approximately 47.5% by weight. 

SLM 90031 8 ,ef " ha " dCd **""* '^^ m ' St " P °' VmEr W " e"**-* Wache, 
9003 1 , approximately 1 9. 1 % by weight. 
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. v ii n .,wt rrv^tal EMI £44 approximately 32. 1% by weight, 
a low molecular weight nematic liquid crystal, twu ctt HH 

a chiral dopant EMI SlOl'l. 1.3% by weight, and 
a photo initiator Ciba-Geigy IG184 approximately 0.35% of polymer; 
the first temperature is set to approximately 75" C and the unmasked mixture 
of cholesteric liquid crystal material is exposed to ultraviolet light of about 360 nm 

t u . r> 1 M wW for about 20 seconds, to make a blue 
wavelength at an intensity of about 0. 1 mW/cm tor about 

reflecting cholesteric liquid crystal portion. 

° the unmasked mixture of cholesteric liquid crystal material is then re-exposcd 
„ 75»C with a collimated UV of about 360nm at another intcns.ty of about 1 OmW/cm* for 
about 30 seconds, before unmasking the substrate, a portion of the masK is removed to 
.pose another portion of the cholesteric liquid crystal materia,, while the cho.esteric qu,d 
crvs ta. materia, still at about 75= C the unmasked portion is exposed to ultrav.olet „ght 360 
nm wavelength at an intensity of about 0. 1 mW/cm= for about 40 seconds, to po.ymenze 

the blue-green reflecting portion, 

,he unmasked mixture of cholesteric liquid cry,..! mareriaf is <heo re-exposed 
« 75°C with a collided UV of about 360nm ae another intensity of about .0mW/cm» for 
ab o„s 30 seconds, the remainder of she mask is removed, the second remperarure is se, >o 
approve,. .50- C and aU of the mixture of chofesteric Uquid oysta, materia, expend to 
theUV radiation of about 360 nm svavclength at an intensirv of abou. 20 mW/em for 
about .50 seconds, resuhing in a b,„e- g ,een reflecting porrion. . bfue reflecting porrion and 
a clear portion in the layer. 

51 The process of claim 50 wherein: 

the substrates are mechanicaUy sheared while at 75° C before the mask is applied. 

52 The process of claim 38 wherein the reflective cholesteric liquid co,or Alter layer of claim 
48 and the reflective cho.esteric liquid color Alter layer of claim 50 are glued together to 
form a reflective color Alter for a display. 

53 The process of claim 38, wherein 

the first and second frequency ultraviolet radiation being attenuated halfway 
through the reflective cholesteric color filter layer to polymerize only one half the layer. 

the steps of claim 38 are repeated substituting third and fourth temperatures and 
ultr avio,et radiations for the first and second temperatures and ultraviolet radiations such 
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that the radiation is attenuated ha, way tnrough thc ^ cho| 

to polymerize the second half of the layer'. ^ ^ 

54. The process of claim 43, wherein 

55. The process of claim 53. wherein 

the third and fourth ultraviolet radiations enter the laver from . 
fi«t and second ultraviolet radiations. ' ** M the 

56. The process of claim 53. wherein 

a quarter-wave plate is polvmerized as a first .ten h, • 
~, ra di„io„ fot qa J^^ ' — - 

57. The process of claim 56. wherein 

there are three suboixels each having a different quarter-wave plate for , 
Pnm-y co,o, each quarter-wave plate having a separate mas k , a sepa t ^ f 
Polymerization and a separate ultraviolet radiation to polvmer ze the I 
crystal materia, in the ouarter-wave plate. ^ HqUid 

58. The process of claim 56. wherein 

a broadband polarizer cholesteric liquid crystal i« ™. • 

59. Thc process of claim 57, wherein 

> l»°adband polarize, cholesreric liquid crvml i. not™, ■ a 

"~ - -* a, ,ea st one uIlra Wo, e , J, 0 " -™ 0 " 

hroadhand d.oi.s.enc iiooid a** ^ aU ° n " "» 



The P rocess n <" claim 59. wherein 
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, toe « ,h,ee soop.xefs each ha* g . d**« <*» *» « ^ 

polymerization and a separate um 
crystal material in the quarter-wave plate. 

r u; m ^ft Are repeated substituting third ana ioun y 
th . sseps of d«m 38 »,e repe. Ia(toions such 

nsdUslons for she fuss and second «-P-« cMestelic „,„ 

filter laver to one halfway through the rctlectrv 

the steps of d..m 38 repe u „ raviolct tadiati „„s such 

— r=r— — — 

, aye s so polymerize she only one foursh of she layes. « mperalures and 

,„e sseps of » 38 ace repcased suhausus.n, » ^ P ■ 

crystal materials is created in one layer. 

a reflective cholestenc hqu.d crystal layer , in the laver of claim 16 is 

• « of the reflective cholesteric liquid crystal port.ons m the layer 

component temperature and ultrav.olet ^ 

if -K«l«teric liauid crvstal material in tne layer iu 
from the three portion stack of cholestenc l.qu. . 

matrix. 



63. The process of claim 38. wherein 
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64. The process of claim 38, wherein 

the masks on the fist half the .aver and the second half of the I 
that overlapping portions are polvmerized to fa u ^ ^ SUCh 

- overlapping portions. ' 3 ^ bV -I *« from 

65. The process of claim 64, wherein 

a quaner-wave plate is polvmerized as a first s, P o h • 
-aviolet radiation for poking the quarter " "~ ^ " 

66. The process of claim 65, wherein 

crystal material. P°iymenze the cholesteric liquid 

67. The process of claim 65, wherein 

a broadband polarizer cholesteric liquid crvstal is nnk • 

temperature and irradiated with a, l M « ^ P° ,vmeri ^tion 
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broadband cholesteric liquid crystal material. 

7n The nrocess of claim 69 wherein: 

crystal material is a monomer. 

71 Thp nrocess of claim 69 wherein: 

" ^ co.ponen, ta .He ^ rf — ~ „,u,< 

crystal material is an oligmer. 

crystal material is a nematic. 

71 Thp nrocess of claim 69 wherein: 

crystal material is a chiral additive. 

74 The process of claim 69 wherein: 

l t oysul co„,pone„. K phase segued fro. *. 

7*? Thp nrocess of claim 73 wherein: 

^fusion rate of the non-polymerizable liquid crystal component is slower than 

the polymerization rate of the polymerizable liquid crystal. 



76. The process of claim 73 wherein: 
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^ backlighting struaure including 

""^ — -he potion sute of sald taCk, * h ""8 
polarization stale (PI J to a seenrwl , ■ " IS P ec,ral components f,„ m , Bm 

' sccond Potazation state (P2i „„ h „ , 

Polarization state (PI) and from ■ . orthogonal to said first 

polarization state „ fc "* ^ — «, to said „„, 

oand of th5 electron^ spcctmm ? '***«>' "P— °a„d over the viaible 

a bnoad-band reflective polarizer for refl 
spectral components having waveleneth, „ v EC "" S ^ C °" SiSUn8 subs »"«zllv of 
- *« PoMzation state P, , ^1 ' — «- 

p— of .id , sibfc ^ a „ d s , d Kcond polarl ^:;:^ h ; - • 

"^'""^^—^ionstntaure including ' 

sa.d subpuel reg.on and seleaively 
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m od lf ving .he po— «. of poUrizeu «« — cd — * " * 

suboixel dm. Slgna l provided .0 said pobtouon modifying elemenu and 

a broad-band polar,*,. oooperaUng with said array of polanza„on 
m odifv.ng elements, so as ro modulate the spatial in.enshy of said produced di— , of 
p.*, *d„gh, and ,he,eby p,oducc a d»,k.,ype or bdgh,,ype in,cn S ,,y lev, ar each said 
subpixel region along said broad-band polarize,; and 

a spectral filtering structure having a p.xelated array o P 
ly pe speara, HUeting events for spocrrally filtering said polarized ligbr. each said pass- 
bTnd reflecdve-ryp. specrr,, filtering elemeu, being spatially reared wi.h one sard 
s „bp„e, regron and runcd ro one said predefined specrral band fo, 
spell component of said polarized ligbr having wavelengrhs wnhin said predefined 
s „a„, band of said subpixe, region. and reOccringrhe specrra, components of said 
pLuced polanzed lighr having wavelengrh, oorsid. said pruned speczra, band of id 
Hpixe, region so as ro produce a predefined color va,ue ar said subpixe, region spar*, 
^is.cred wirh said pas,band reflecive-rype spea-al m.ering e.emen,; 

a parrern of bzoad-band rcflecror marerial. in sparial regis.,a.,on wuh .he 

a , the lighr blocking portions of said subpixel regions; 

a partem of bnaad-band absorption marenal. in sparial regisrrauon wrth *e 
fronBide of said lighr b,ock,ngporti„n,o,s,id subpixe, regions, for absorbing anrhienr lighr 
iocidene upon said lighr blocking portions of said subpixel regions; 

wherein, rhe specrra, conrponenrs of polarized lighr rha, are ,ransm,,,ed 
lhl ough said broad-band revive polarize, along said p,espe*d direction contribute ro 

said distribution of polarized light; . 

wherein, .he spearal conrponenrs of polarized light .ha. are no, rransmuted 
lhrou gh said broad-band revive poladze, along said prespecihed direction are peered 
otf aaid b,o,d.band zeHecrive po,„ize, and .ransnri.red back towards said b,oad.b,nd 
K „eao, for reflection and/o, polarization conversion t.tbin said backligh.ing strucru-e and 
transmission .hrough said broad-band reflective pclabzer so as to con.ribure ro sa,d 

distribution of polarized light; 

wherein, the spectra, component of said pzrlanzed Ugh, .hat are rransmrrted 
lhrou gh ,he pass-band ,cflec„ve-.ype spectra, flhedng elenren, ar each said subpixel region 
within each said spadally-encompassing pixe, region produce said predefined color value at 
said subpixel region; and 
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wherein, the spectra! components of said polarized li e ht th* 
transmitted through the Das , ha nH n ar,zed '"gnt that are not 

ugn tne pass-band reflect ive-tvpe soectral m^.-;,. i 
subpixel region g dement at ea ^h said 

^~^rI:rrrr ,<, .■ ,, 

« 8 Sa ' d ^".—Pa^ng pte , , egion in said speara , 

wherein, the specal components of ambient lid,, ,.,„„„ inri a 
^ing pottiona of aai d snbpiae, ,„ ^ " * 

—P- ™ri„ diapoae, Ihcreon , lhcrebv ^' Jm 

due to ambient light i„ cid e ra lhereon; 8 pane, 

whereby aaid i™gea are pnaduced from aaid predefined imaae d , 
area having enhanced brightness. * d ' !| " a '' 

modulation structure. d ^ SpatiaI intensit -V 

79. The image display panel of claim 78. wherein said nl„™r. f u 

"red" Dass-banrl a «„ - s "t>pixel region having a 

a pass band, a green subpixel region having a Veen" n assb ,nH A 
region having a "blue" pass-band. ' * ^ * ^ S ^ 

rr -^--trrr: 
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81. The image display panel of claim 78, wherein each said polarization modifying element 
is an optical element made from liquid crystal material. 

82. The image display panel of claim 78, wherein said backlighting structure further 
comprises 

a light guiding panel disposed between said broad-band reflector and said 
broad-band reflective polarizer for guiding said produced light over said predefined image 
display area. 

83. The image display panel of claim 78. wherein said first polarization state is a first linear 
polarization state and said second polarization state is a second linear polarization state 
orthogonal to said first linear polarization state. 

84. The image display panel of claim 78, wherein said first polarization state is a first 
circular polarization state and said second polarization state is a second circular polarization 
state orthogonal to said first circular polarization state. 

85. The image display panel of claim 78, said broad-band reflector is a quasi-diffus,ve 
reflector. 

86. The image display panel of claim 77, wherein said spatial intensity modulation 
structure is disposed between said backlighting structure and said spectral filtering structure- 
subpixel regions within each said spatially-encompassing pixel region comprise a "red" 
subpixel region having a "red" pass-band, a "green" subpixel region having a "green" pass- 
band, and a "blue" subpixel region having a "blue" pass-band. 

87. The image display panel of claim 86, wherein said plurality of subpixel regions within 
each said spatially-encompassing pixel region comprise a "red" subpixel region having a 
"red" pass-band, a "green" subpixel region having a "green" pass-band, and a "blue" subpixel 
region having a "blue" pass-band. 

88. The image display panel of claim 87, wherein said "red" pass-band transmits spectral 
components of light within said "red" pass-band and reflects substantially all spectral 
components of light within said "green" pass-band and said "blue" pass-band. wherein said 
"green" pass-band transmits spectral components of light within said "green" pass-band and 
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reflects substantially all spectral components of light within said "red" n. K * 

W pass-hand. and wherein said W pass-hand t^el 

within said "blue" o a ss h>„H j „ components of tight 

wi, h .o SM -1 ; s subs,antia " v a " spcctra ' - %N 

w„h,ns a ,d red pass-kaod and said -green" pas,.^. 8 
*V* im ag e dispiav pane, of daim 86 . wherein Mch ^ 

opoca, demon, made f,om a m a ,cci a , se,ected reom the group consj „ ' *"^" 

— "^-ype.a.e, ial.and in,esre«„ce.,v P e n^ti*. ' ^ 

W. The image dispiav panel of claim e6 where , n ^ 

- an optica, eienten, m a dc fton, iiooid ctvsu, maten,, ^ ? '"^ 

^ The im a ge dispia, pane, of dai m 8 , wh etei„ said blighting stntctote mtthec 



a light guiding panel disposed between said broad-band refl 5 c t „r a „at v. 



92 The image disphtv paae, of clalm 86 , ^ ^ ^ 



orthogonal to said first linear polarizat 



i state 



ion state. 



«. The image dispiav pane, of daim 86, .herein said fits, pu , ar , 2a ,i 0 „ stMe „ , „„, 
c,tco, ar pou,^ statc md said second « 

• onhogo„ a , to sai d nts, cicco.t portion st a , ^ 



94. The ir 



95. The image display panel of claim 77. wherein the soerrr,! , 

V* ptodocng s a ,d btigbt-.vpc intensitv ieve, a, e^tl , " " 

.lttou 6 hs a ,dbt M d.b a „dpo, a dzet. a „d "»««— .-smttted 

herein, the spec,, components of said poised iigh, no, pio6uci „ g sM 
.- m ens,, y ,e V e, a ,e,e fl ec 1 ed„ffs a idb,o a d.ba„dpo,ad Z e. a „d.:„sm,t,ed 8 :l::l 
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said backlighting structure for renection and/or polarization conversion and retransmission 
towards the other said subpixel regions within said spatially-encompassing pixel region. 

96. The liquid crystal display (LCD) panel construction for producing color images for 
viewing by a viewer, said LCD panel construction comprising: 

a plurality of pixel regions within a predefined image display area, wherein each said 
pixel region has a plurality of subpixel regions and each said subpixel region within each said 
pixel region has a light transmission portion and a light blocking portion, and each said light 
transmission portion and said light blocking portion having a frontside disposed in the 
direction of said viewer and a backside in the direction of said illumination means; 

illumination means for illuminating said plurality of pixel regions from the backside 
thereof so that a color image is formed from said plurality of pixel regions for viewing; 

a pattern of broad-band reflector material, in spatial registration with the backside of 
said light blocking portions of said subpixel regions, for reflecting produced light at 
structures associated with said light blocking portions of the subpixels and thereby recycling 
produced light for use in illuminating said plurality of pixel regions; and 

a pattern of broad-band absorption material, in spatial registration with the frontside 
of said light blocking portions of said subpixel regions, for absorbing ambient light incident 
upon structures associated with said light blocking portions of said subpixels and thereby 
reducing glare at the surface of the LCD panel due to ambient light incident thereon. 

97. The image display panel employing the recycling of light from a plurality of light 
reflective elements therewithin so as to produce color images with enhanced brightness for 
viewing bv a viewer, said image display panel comprising: 
a backlighting structure including 

a light source for producing light consisting of spectral components having 
wavelengths over a substantial portion of the visible band of said electromagnetic spectrum, 
and 

a broad-band reflector for reflecting, within said backlighting structure, 
polarized light consisting of spectral components having wavelengths over a substantial 
portion of said visible band and. upon one or more reflections within said backlighting 
structure, converting the polarization state of said spectral components from a first 
polarization state (PI) to a second polarization state (P2) orthogonal to said first 
polarization state (PI), and from said second polarization state (P2) to said first 
polarization state (PI); 
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a plurality of pixel regions spatia „ v , ncompassed , 
- definab.e «, ali ™ to said backlighting „ ^ ^ ^ ^ 
spanally encompasses . pluralhv of subpix£| , egio „ s Md ^ mM subpM ^ 
each , J ipia , t<nconplssin{ pixe , ^ ^ a prcdefined spectrai ^ 

band of the electromagnetic spectrum, 

each said subpixel region withi „ cach said piXE , rcgj<)n hay . _ 

.—on portion and a ugh, Mocking portion . a „ d each ^ ^ 

and sa , d figh, blocking havi „ s a ^ ^ ^ ^ ^ ^ 

and a backside in the direction of said backlighting sirncture: 

snecrra, " br<>ad ' band """" ""'^ "" rC " eCtin8 liSh, «*— -f- 

spmra, components having wave,eng,hs over a substantia, portion of !aid visib,. band and 

sa,d fits, poiaziza.ion sutc ,PI , and ,r a „smi„i„ E . distribulion of 

prespecificd directs, subtly confined within said predefined image di splav 
cons,s„ng substantia „, spcctral ^ ^ a 

pon,on of said visible band and said second polarization state <P2); 

a spatial intensity modulation structure including 

anamVof P° latotfo " flying elements, e^ch said Harizatlon 
moving Cement being spa,,,,,, „g isKred ^ _ said subp)xe| ^ ^ 

mod.fy.ng the portion slale or „ , lgh , ^ ^ * 

subpute, d„ve s ig„ a , provjded to said ^ 

a broad-band polarize,, coopcra.ing with said arrav of pol a ri 2a ,i„„ 
modrfvmg element,, so as to modulate the apatia, i„,e„ sitv of !aid produ „ d 
potad fight and .herebv produce a daek-tvpe or brigh,., yP e intensitv level at e a ch said 
subpixel region along said broad-band p „l a ,izcr; a „d 

a specrral filtering structure having a pixclatcd a„ a v of pass .b a „d 

laT d'T SPe ""' "" ering " emCn ' S ! °' "" ^ '*■<• - - 

P-band refiecrive-tvpc spectra, filteHng element bc,ng spatially re g islered „ uh one sa , d 

subp,xe, region a nd runed ,„ one s ai d predefined spearta b a „d for transmitting onh, the 
spectra, components of said polarized fight having wavel e n?tns ^ ^ ^ 
spectral band of said subpixe, region. a „d refiecting the sp ec,, a , components „f Mld 
produced p„, a „zed fight having svavCengtbs ou.side said Refined spectral band of said 
subp.x.1 region so a s to prod^e a predefined color va,ue at said subpiae, region spat i a „ v . 
reg,s,e,ed, ri ,h aa id paK .ba„drenec,ive.,v P e S pearalfi,,e,i„g clcmenl . " 
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a paltern of broad-band reflector material, in spatial registration with the 
backside of said light b.ock.ng portions of said subpixe, regions, for reflecting produced light 
at the light blocking portions of said subpixel regions; 

a pattern of broad-band absorption material, in spatial registration with the 
frontside of said light blocking portions of said subpixe. regions, for absorbing ambient light 
incident upon said light blocking portions of said subpixel regions: 

wherein, the spectral components of polarized light that are transmuted 
thr ough said broad-band reflective polarizer along said prespecified direction contribute to 

said distribution of polarized light. 

wherein, rhe specrral component of polarized light dm a,, oo. uramtutd 
.mough said broadband reflective polarize, along said peeked direction are reflected 
off S „d broadband reflective polarize, and rtanstnit.zd back towards said broad-band 
.eflecto, fo, reflecon and/o, polanzarion conve, S ion wirbin said backlighting stnzczure and 
emission ,b,ougb said b,oad.b,nd reflecrive pol.tize, so as to conrrlbure to snld 

distribution of polarized light; 

wherein, the specrral eontponents of said polatized light that are rzansmtued 
through the pass-band reflect.ve-tvpe spectra, filtering elenten, a, each said subpixe, region 
within each said sparialiy-encompassing pixel region produce said predeftned color va,„e at 

said subpixel region; and 

wherein, the spectral components of said polarized light tha, are not 
rransmirted through rhe pass-band reflective-type specrra, filtering element a, each said 
subpixel region within each said spatially-zncompassing pixel region are reflecred off stud 
pass-band reflective-tvpc spccrral Altering elcmenr and rransmitred back toward, sard 
baddightmg srnacru,. for reflection ,nd/o, polarization conversion and transmission 
rewards the oth.t said subpixe. regions within said spatlaflv-encompasslng pixel region ,n 

said spectral filtering stricture; 

wherein, rhe spectra, components of said produced polarized that fall modem 
„„ the Ugh. blocking ponions of said subpixe, regions „ reuecred off said patten, of broad- 
band redactor materia, disposed thereon, and transmitted back towards said baddighrtng 
structure for reflection and/o, polatization convetzion and retransmission towards rhe other 
said subpixel regions within said spatially-encompassing pice, region in said speca, fihenng 
structure; 

wherein, the spectral components of ambient light falling incident upon the Ught b.ockmg 
portions of sa.d subpixe. regions are absorbed by sa.d pattern of broad-band absorpuon 
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material disposed thereon therehvr~t • , 

*, «*. the™ " ^ """"TP"- doe to 

aeea having .nCrCl'r ""^ " e Pr0dUCed "° m Sa ' d display 

98. The image display panel of dai™ o- u 

modulation structure. ^ 3nd sai « >P>™ intensity 

"• 71,6 ima g e display panel of claim 98 „h - _, 

-* - ^u,,^^ " said <* region, . thl „ 

pass-band. . w, sub 8 7 ^ 3 "' Cd " "*» a 

•« green subpixelre5ionhavini>a-i.™»- l , 
region having , - blue - pass . baiid 8 ^-band. and a - Wut - subpiae| 

100. The image display panel ofc|ai 

spectta, «,erin s cfcmem „ „ e|em 2 ; S PiK band rCneC " Ve ""« 

group eo„ sisti „ a rf liquM cfvsta , Pt,M ' ™* f ™ « -OH selected from tbe 

' ^ " Wen "' M ^ — and intee^,^ 

J 01 . The image display panel of claim 98 wh • 

- a- opuca, element made from c ^ a ,~ ~°« ™-«3** Cement 
'02. Too i„, age di!p|ay panc , of m 

comprises oacwighnng slnjciure funher 

" "S*" P^ng panel disposed between „as 
broad-band reflective pota™ f„, „ " a '" 1 refte °' a "« aaid 

diaplay a re , '"'S^ ^ " *h ovet said ptedeflned image 

103. The image display pane, „f claim 9g wh 

-at p.atiaa.ion state and said se„„ d poIaZ Z a ^ ~ * ' - 

- otthogona, to said «„, , Meat ^ ' ^ " ' — — Portion 
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, f i,;m 98 said broad-band reflector is a quasi-diffusive 
105. The image display panel of cla.m 98. sa.d 

reflector. 

, , n, ne . of claim 97, wherein said spatial intensity modulation 
,06. The image d.sp.ay pane, of* ^ ^ „ 

slructu re is disposed between sa.d bacld.ghtmg ^ 

u c,\A ^natiallv-encompassing pixel region tun p 

band, and a "blue" subpixe, region having a -blue" pass-band- 

, r l m ,06 wherein said plurality of subpixel regions within 
,07. The image displav pane, of claim 106. where P ^ 

each said spatianv-eneompassing pixe. region com - J ^ ^ ^ 

- red " pass-band, a ^reen" subpixel reg,onhavmg a green pa 

region having a "blue" pass-band. 

, r , m l07 wherein said "red" pass-band transmits spectral 

components of light w,th»nsa.d red pass ^ 
- sree „- pK , ta nd .m*. spcara, « * d a „ d ssld 

witbin said "red" pass-band and said "green" pass-band. 

, of claim 106 wherein each said spectral filtering element is an 

, r i a . m 106 wherein each said polarization modifying 
1 ,0. The image display panel of claim 106. wherein r 

element is an optica, element made from liquid crystal matenal. 

„• . .nd of claim 107. wherein said backlighting structure further 
1 1 1. The image display panel ot claim 

comprises 
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,12 -™e imag e display panel of claim 1 06 „ 

« 0 "hogonal ,o !aid tel „„„, ^ - - ■ -«d W 

1,3 ^imagedi S p, avpa „ c , of 

' 'I- The imaj, disp| 

" 5 --n,e imagedisplavpaneloUu . m 

*. prod,,*,,,, S3ld „ * «P«- cx» m p„n c „, s of sai „ 

— » mpassin? ^ ^ in ~ - - Mld 

— *- « broad .„ aiid p-( ^"""» — **- ««» are . 

"— — «* * * o,h„ said " ««*- and 

afe '»^S pitch Mblchofe P^'eompr,^.. 
circul a rlv p0 | ari2 . dli „. °^^nc l.qu.d en,,,, n , . 
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, . mm exits the first homeotropic film as circularly polarized 
helix cholesteric liqu.d crystal film ex.ts the 
Hght of one handedness for small and large angles of incidence. 

, , 7 The Wld c incident angle refiective oroadhano polarizer of Cairn „ « — 
the helical axis of the first variable pitch helix cholestenc l,au.d crystal 

oriented perpendicular to the film surface. ^ . 

the helical axis of the first constant p.tch hchx cholester q . 

oriented perpendicular to the film surface. perpend5 cular to the 

the long molecular axes of the first homeotrop.c film are al.gne p 

film surface. 

. second — . P** h- — ^ crvsu , f „ m . adi ,«„, th e 

BlsofligK. from .he second varying p«ch heln. cholester q 
second varying phch heh* chofescenc Mqoid crvsul uhn. 

eoosun. P Heh Wd—* .1- -J- ^ „ dde „ t „„ , lth „ _pic 

c „ ns ,a„, p«ch he,* «qo.d envsu . «~ - - 

cMes.ede Uaufd coys,,, 10. such .ha. unpoUnzed „gh. ,nc.d 

r „ m „ tta „fde fnciden, angfe hcoadhand poUnae, is — ^ ^ 

«, of one handedness foe sma,. and fasge angles of .ncdence 

J** *■ of .he opposhe handedness foe — and ^ ang.es of — 
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»prismofcl a i m l20h a vi„. PO '" ,Mr ° f d*m 120 wherein- 

^oesaisaojacenuo. ■ " " d " Sh,OV " ab -*^or l ,avc,e ng , h!ofone 

a prism of claim j ?0 h av - 

•We handcdneaa, PO a brr*^ of lravdengil]s of ^ 

— *«*. « ,„ cidem uc ;; h - ta**- f „ r „ neclio „ * 

« mirror pla ttd „ e , PO'anzer of claim IIS. wherein 

*. or one „a„ dedTCSS . "* '"»— Pote„ as clrailar|y 

3 l"»~r.,va« plaM plactd P °' anz " ° f ^"» 122, , rterein 



mm 
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wi „ be transmitted as circularly polarized light of one handedness and reflected as circularly 
polarized light of opposite handedness perpendicular to the transacted light. 

l25 The wide incident angle reflective broadband polarizer of claim 1 24 wherein: 

' a prism of claim 124 having varying pitch helix cholesteric liquid crystal film for 
.fleeting and transmitting circular.v polarized light over a broadband of wavelengths of one 
handedness is adjacent to, 

, prism of cUWn 9 having a va,ying pi.ch Mix cholesteric liquid oynal film for 
, efle c,ing and —log Circularly polarized Ugh. over a broadhaod o ( wavelengths of .he 

"''I « n. one o, rhe prisms lor changing rhe handedness of rhe refleced Ugh, 
and seeing ,he reflected lighr „ .he prism wi.h .he opposi.e handedness for reflection n 
1 sam « dilon as .he inciden, ligh. such ,ha. inctfen, unpolarized Ugh. convens tot.,, 
to „ansmi„«d circularly polarized ligh. of one handedness. 

, 26 The wide incident angle reflective broadband polarize, of claim 124, wherein 
a mi„o, placed pa,allel ,o ,he wide inciden, angle broadband polarize,, 
a light sousce fo, producing unpolarized light is placed between the mi,ro, and the 

„ ide inciden, angle broadband polarize,, such ,ha, light fnzm ,he „gh, aou,ce is polarized 

wte „ i, is t,ansmit,ed ,h„ough ,he wide inciden, angle b.oadband polarize, as czodarly 

polarized light of one handedness. 

m The wide incident angle reflective broadband polarizer of claim 126, wherein 

" a quarter-wave plate placed adjacent the wide incident angle broadband polarizer on 
the side opposite the m.rror such that linearly polarized light from the quarter-wave plate . 
chromatically stable at any viewing azimuthal and polar angle. 

128 . The wide incident angle reflective broadband polarizer of claim 1 16. wherein 
the homeotropic film is polymerizable. 

129 The wide incident angle reflective broadband polarizer of claim 1 1 6. wherein 

the constant pitch helix cholesteric liquid crystal film is polymerizable. 

13 0 The wide incident angle reflective broadband polarizer of claim 1 16. wherein 

incident unpolarized visible light is transmitted as circularly polarized hghl. 
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'3.. 1* w* incMer, a „ 8le renraive broadband pobrj2cr ^ 

«-« — ^ , igh , „ transmi(Md as ^ «^ 

-32. 7* „i d e ,„ cidera ans|e ^ bfoadband ^ ^ 

■-ode-, u „ P „, arl2cd infrarcd lish[ „ trammiued ^ arcu|ariv ^ ^ 

133. TV ,, dc in ^ ang|e „ necl , ve bmadband ^ m 

een ,ou,,v «— « su,e ar, d a drailariy transm|[un8 

-35. .V^ indden , angle rellraive broadband 

-37. The ^e , ddenl an|le ^ broadband ^ 

the wirfe ,„ dd e„, angle 6roa d r,an d polarizer insralW i„ » 

.3, ^J-^^^N^^.,,,,,. , I8 whmin 
the vv.de modem angle broadband polarizer installed in, n , 
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,he incident^ broadband ' refltC, "' E Ch ° kS<enC 

opul Colo, Dta display comes for co.or distortions over bq, viewing angle, 

141 Th.wdeinc^ang^.flec.W.b^bandpo^rotd^ .16— 

the wi ae incident angle b,oadband pol.me, install in . smart — — * 
color distortions over large viewing angles. 

,42 The wide Incident ang,e tefteclve b^band polame, of Calm 1 I*. »be,e, n 

lhe „ule incident angle nzflecive broadband poladze, Installed In a sman wandow 
comets (ot color distonions ovet large viewing angles. 

,43 The wide incident angle revive broadband polarize, - claim 1 ,9. where* 

,he wioe incident angle broadband poUriee, insralled in . smac window comes for 
color distortions over large viewing angles. 

, 44 . The w.de Incident angle reflective broadband poUn*. ofdainr 1.6. whe^m 

. wide incident angle broadband pol^r o, clalnr 1 16 with opposm handedness . 
attached to reflect all incident light. 

,45 The wide incident angle reflective broadband polarizer of claim 1 1 6 wherein « 
elecrricallv addressable „ phase shifter is sandwiched between .he w,„e incident angle 
broad bano polarize, of Cairn 1 16 with one handedness and the »de Incdent an* 
bro adband polarize, o, claim I,- elthe, handedness soch that ,11 rncdent 1,^ 

when the it phase shifter is quiescent. 

146 The liquid crvstal display (LCD) panel construction comprising: 

' lighting structure including a light guiding panel, a pair of edge-i— ng 
light sources, and a quasi-specular reflector; 

broad-band polarizing reflective panel; 

an a my of speca, filteeing elemems realized as an amy of pass-hand polarizmg 

reflective elements; , 
a spatlal-intensity modulating amry realized as an array of etoronrclly^omnXled 

polarization rotating elements. 



WO 00/70400 110 

PCT/USO0/13562 

a broad-band potazinj reflective p,«, an a l vzing panel . 
> '» lan2 "">""aKpre S enH„ g | igh(difflIS , >e „, m 
fnifonn S patial , ig ht i„,e„ s i tv acroS s the LCD Dan I „ I 

the system; and ' P " " d lhUS ""<" m ' "* «"~*H! an g Ie of 

a qnas,co, ta ,.i n g ( , e . f, Im lave, d^ed between said Dol 

state presenting lirftt diffusive filn, p * polanzanon- 
8 d,ff U s,vefi lml ave r and said ^oad-band po,a„ 2 i„ g , e „ raive pa ^ 

H7. A ,i„uid crvs, a , dispiav (LCD) pane, assembiv comprising, 
a twelve, CLC-based speca, f„ t etin g stranure: a „ d 

8 struenrre .nclud.ng f, m and second CLC ^ ^ 
a p.utaiitv of pue, „ formed ^ ^ ^ 

region in the fits, CLC iaver and a red band „ ^ 

yer and a red band re/lectin g re g ion in the second CLC laver 
»nere,n eacb g ,ee„ sub p,«, SIra ct„ re .herein is reahaed bv a b, ue band 
reston in .be flea, CLC ,,ver and . red b a „d reflecing region in .be ret d Clc 8 

^:~rrrir a , *- hfc ---«^- 

nr-i a,ve ,aver ,s Provided beneath th» r » 

CLC layer in order to realize , k a ■ beneath the first 

pa«e,n benveen h " ' m "' S '" ,Pi "' "™ 

mm .rancors ,eSi °" S °' der '° im "™ *" <* - 

■48. The LCD pane! aasembiy having improve,, angu|ar 

a CLC-based spectral filtering structure- 
aapa.iaiin.ensi.vn,^,,^^^^^^^^^ 

a >.gN, condensing (i.e. qu asi.ccJ,ima,,„ g) nlm dispose<f . 
■a,. a„ d said beoad-band CLC-based renectjpoiadren" 

n.-n.edupons.idbtoad.bandanalvaer. > „gh. dpffnsmg ,aye, 
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149. The liquid crystal display (LCD) panel assembly comprising: 
a two-layer CLC-based spectral filtering structure; and 

a liquid crystal (LC) spatial-intensity modulation panel, said two-layer CLC-based 
spectral filtering structure including first and second CLC lavers. and 

a plurality of pixel structures formed in said first and second CLC layers, 

wherein each said pixel structure has red, blue and green subpixel structures; 

wherein each red subpixel structure therein is realized by a green-band reflecting 
region in the first CLC layer and a blue band reflecting region in the second CLC layer, 

wherein each green subpixel structure therein is realized by a band reflecting region 
in the first CLC layer and a clear band region in the second CLC layer, 

wherein each blue subpixel structure therein is realized by a red band reflecting 
region in the first CLC layer and a green-band reflecting region in the second CLC layer, and 

wherein a green-blue band reflecting pattern and quarter-wave retardation surface 
thereover are provided beneath the first CLC layer in order to realize a broad-band inter- 
subpixel "white" reflective matrix-like pattern between neighboring subpixel regions. 

150. The liquid crystal display (LCD) panel assembly comprising: 
a two-layer CLC-based spectral filtering structure; and 

a liquid Crystal (LC) spatial-intensity modulation panel, said two-layer CLC-based 
spectral filtering structure including first and second CLC lavers, and 

a plurality of pixel structures formed in said first and second CLC layers, 

wherein each said pixel structure has red, blue and green subpixel structures; 

wherein each red subpixel structure therein is realized by a clear (non-reflecting) 
region in the first CLC layer and a blue-green band reflecting region in the second CLC 
layer, 

wherein each blue subpixel structure therein is realized by a green-red band reflecting 
region in the first CLC layer and a clear (non-reflecting) region in the second CLC layer, 

wherein each green subpixel structure therein is realized by a red band reflecting 
region in the first CLC layer and a blue-band reflecting region in the second CLC layer, and 

a broad-band reflecting pattern and quarter-wave retardation surface thereover are 
provided beneath the first CLC layer in order to realize the broad-band inter-subpixel 
"white" reflective matrix-like pattern between neighboring subpixel regions. 



151. The liquid crystal display (LCD) panel assembly comprising: 
a two-layer CLC-based spectral filtering structure; and 
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a liquid crystal (LC) spatial-intensity modulation panel, said two-laver CLC-based 
spectral filtering structure including first and second CLC layers, and 

a plurality of pixel structures formed in said first and second CLC layers. 

wherein each said pixel structure has red, blue and green subpixel structures; 

wherein each red subpixel structure therein is realized bv a clear (non-reflecting) 
region in the first CLC layer and a blue-green band reflecting region in the second CLC 
layer, 

wherein each blue subpixel struaure therein is realized by a green-red band reflecting 
region in the first CLC layer and a clear (non-reflecting) region in the second CLC layer, 
wherein each green subpixel struaure therein is realized bv a red band refleaing 
region in the first CLC .aver and a blue-band refleaing region in the second CLC layer and 

a broad-band inter-subpixei "white" type matrix-.ike pattern is integrallv-embodied 
w,th,n the spectral filtering structure, between neighboring subpixel regions, by virtue of (i) 
the spatially-overlapping green-red band reflecting regions in the first CLC laver and the 
blue-green band refleaing regions in the second CLC layer, and also (ii) the spatially- 
overlapping green-red band refleaing regions in the first CLC layer and the blue band 
reflecting regions in the second CLC layer. 

152. The method of fabricating a two-layer CLC-based spearal filtering struaure 
comprising: 

(a) integrally-embodying a broad-band inter-subpixel "white- matrix-like pattern only 
among the subpixels of each pixel structure, bu, not between all neighboring pixel struaures 
within the CLC-based spearal filtering structure. 

153. The liquid crystal display (LCD) panel assembly comprising: 
a two-layer CLC-based spectral filtering struaure; and 

a liquid aystal (LC) spatial-intensity modulation panel, said uvo-layer CLC-based 
spearal filtering structure including first and second CLC layers, and 

a plurality of pixel structures formed in said first and second CLC layers, 

wherein each said pixel struaure has red. blue and green subpixel struaures; 

wherein each blue subpixel structure therein is realized bv a green-band RHCP 
refleaing region in the first CLC layer, a red-band RHCP reflecting region in the second 
CLC layer, a green-band LHCP refleaing region in the third CLC layer, and a red-band 
LHCP refleaing region in the fourth CLC laver. 
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where, each green subpixel structure *erein - — * « 

CLC layer, a blue-band LHCP reflecting region in the thud CLC layer 

wherein each red subpixel structure therem .s real, zed . 

• fc CLC laver a green-band RHCP reflecting reg.on ,n the second 
reflecting region m the flrst CLC layer, a g ^ 
CLC layer, a blue-band LHCP reflecting region m the thud CLC layer. g 
LHCP reflecting region in the fourth CLC layer. 

154 The liquid crvstal display (LCD) panel assembly comprising: 
a two-laver CLC-based spectral Altering structure; and 

a uouid crvsu. (LC) spatiaMntensity modulat.on pane,, said two-layer CLC-based 

wherein each said pixel structure rP fipctinej 
wh erein each red subpixel structure therein is reahzed by a dear (, e. .on^-ng) 
region in the flrst CLC layer, a blue-green-band RHCP reflecting reg.on ,n the s cond CLC 

Z, a - — «*» * lh,rd layCr ' ^ 3 WUe green 
reflecting region in the fourth CLC layer, 

wherein each blue subpixel structure therem ,s reahzed by a green 

• • the first CLC laver. a clear non-reflecting region in the second CLC layer, 
reflecting reg.on m the fust CLC lave non . re flecung 
a g reen-red band LHCP reflecting region m the thud CLC layer, 
reeion in the fourth CLC layer, and 
8 „herein each green subpiae, — « —» * — * ' ^l„ d 
■ i. r„, CLC laver a blue-band RHCP reflecting r e g.on ,n the second 
reflecting region .n the first CLC layer, a b 

CLC laver. a red-band LHCP refleaing region in Che thud CLC layer. 

LHCP ref.ecf.ng region in the fourth CLC lave, and „ v<mbo<tei 

„ he «in an inter-sobpiael We" reflective marnx-nke partem ■ 
wUhin Ore specrra, fllredng structure, barren neighboring red and blue subp, . 
1. or „, *. ^yWappmg gree,red band RHCP reflecting ^ ^ 
CLC iaver and rhe blue-green band RHCP refleering regions in rhe second CLC ^ O 

, k „.( BHCP reflecting region! in the second CLC layer 

Ore spatlany-overlapping bloe-green band RHCP refle S 

a „d the green-red hand LHCP reflecting regions ,n rhe ,h rd CLC yen i 
blue-grcen band LHCP reflecting regions in rhe fourrh CLC layer, ber 
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: ^=czrr:^: 

the blue band RHCP reflecting re«» ■ 1 ^ ' " CLC ^ and 

rer,ect,n g reg,ons in the second CLC layer Ml th* ■ „ 
-lapping hloe band RHCP reflecting re?io „ s ,„ , he x Sc^C 
band LHCP reflect,^ regions ,„ ^ ™ C - *c gree„. red 

reflecting regions in the fourth CLC layer. " LHCI> 

155. The method of making an inrer-sobpixel "white' ,*„■ 

g n band RHCP reflecting regions in a second CLC layer 
(») 'orming spatially-overlapping blue-green band RHCP reflect" 
second CLC layer and green-red band LHCP n • * ta *" 

156. The method of making an inter-subpixel "white" refW 

band RHCP reflectmg regions in a second CLC layer 
(») the spatiaiiy-oyerlapping blue band RHCP reflecting «. ■ ' ■ 
•ayer and green-red band LHCP reflecting re," § ^ ^ CLC 

. Ctmg re «'° ns ,n a third CLC layer; and 

M the spatially-overlapping gre en-red LHCP band refW, • ' • 
CLC layer and the blue band LHCP r,fl • 8 in thi ' d 

band LHCP reflectmg regions in a fourth CLC layer. 

157. The liquid crystal display (LCD) pane, assembly comprising 
a two-layer CLC-based spectra, filtering structure; and 

g tructure including first and second CLC layers and 
• Piuralirv of p««, slru c, ures formed in S aid ta a „ d srond CLC |aym 
-herem each said pixel strue, ure ha, red hi... a 

meeting region i„ lhe Rm CLC tay „, . ^ 

L1 reHec t'ngreg IO n in the second 
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CLC layer, a red-band LHCP reflecting region in the third CLC layer, and a green-band 
LHCP reflecting region in the fourth CLC layer, 

wherein each red subpixel structure therein is realized by a blue-band RHCP 
reflecting region in the first CLC layer, a green-band RHCP reflecting region in the second 
CLC layer, a blue-band LHCP reflecting region in the third CLC layer and a green-band 
LHCP reflecting region in the fourth CLC layer, and 

wherein each green subpixel structure therein is realized by a blue-band RHCP 
reflecting region in the first CLC layer, a red-band RHCP reflecting region in the second 
CLC layer, a blue-band LHCP reflecting region in the third CLC layer, and a red-band 
LHCP reflecting region in the fourth CLC layer. 

158. The liquid crystal display (LCD) panel assembly comprising: 
a two-laver CLC-based spectral filtering structure; and 

a liquid crystal (LC) spatial-intensity modulation panel, said two-.ayer CLC-based 
spectral filtering structure including first and second CLC layers, and 

a plurality of pixel structures formed in said first and second CLC layers. 

wherein each said pixel structure has red. blue and green subpixel structures; 

wherein each blue subpixel structure therein is realized by a green-band RHCP 
reflecting region in the first CLC layer, a red-band RHCP reflecting region in the second 
CLC layer, a green-band LHCP reflecting region in the third CLC layer, and a red-band 
LHCP reflecting region in the fourth CLC layer. 

wherein each green subpixel structure therein is realized by a green-band RHCP 
.fleering region in the first CLC layer, a red-band RHCP reflecting region in ~d 
CLC layer, a blue-band LHCP reflecting region in the third CLC layer and a red-band LHCP 
reflecting region in the fourth CLC layer, and 

wherein each red subpixel structure therein is realized by a blue-band RHCP 
reflecting region in the first CLC layer, a green-band RHCP reflecting region in the second 
CLC layer, a blue-band LHCP reflecting region in the third CLC layer, and a green-band 
LHCP reflecting region in the fourth CLC layer. 

159. The CLC-based spectral filtering deyice for producing spectrally filtered patterns of 

linearly polarized light from a source of white unpolarized light. 

comprising: 

a two-layer CLC-based spectral filtering structure, including first and second CLC 
layers, and 
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• N. or Pi «, structures formtd in sa|d nrst ^ sKond 

w ere, eacb said pi «, !tnlclure has ^ b|ue ^ ^ 
W " ercm "* re " -I*- ™- .heroin is ,ea,i 2 ed bv . d „ ( ,„„„ "„ 

wherein each green sub p Mslm aure .herein is realized bv a red ba „ d „ . 
*" i 7 ft - aC1 --'--- S *n i „ th ese« ) r^t 8 

wbe, * <non.renec.ing, region in the !ccond CLC |ayer J 

Uve, I"" ^ SPtaral — —-ding „«, 

. M, of pi*, stractures formed .„ ^ ^ ^ 

- said pi«, !tnlctlm has red . WiK md ^ • 

wherern each blue snbpixe! structure ,„ ere ,„ , s reall2ed bv . ^ . . 
region in the firs, (i.c lower) CLC l,„ ^ reflectrng 
CLCave, ' 3 ^ t " d ^ ■*» - *« «-d 

wherein each green s u bpi«, stnra „„ „ 

CaCh red ^ srnaaore rberein is cerdizcd bv a „ee„ band n 
region ,„ ,he firsr CLC Uve, and a blue-band retain eCt "' 8 

wherein a gree ,b lue band „ " ^ ^ 

•hereovc, are provided be„e,.h said fln ctcT J""""" reUrda "° n 
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. ph.ra.Uv of pixel strucaores formed in said first and second CLC layers, 
wherein each aaid pixel strucure has red. bloe aod g,aeo subpixe, »™ 
w he re in each red subpixa, struct,* — - > — * 3 *« J""*"* 
„ 8i oo ,n .he fim CLC layer and . bhre-green band « region in ,he second 

w here,n each blue aubpiael structure rhere.n i, realiaed by a green-ad band « 

i i . f-„™ rpflectine) region in the second CLC layer, 
■~ tu» firct CLC laver and a clear (non-renecun^/ 

reg ioninthefirstCLC^^ 

wh erein a broad-band reflecting pane, and quarter-wave retardat.on surface 

u • a r c PLC laver in order to realize the broad-band .nter- 
thereover are provided beneath said first CLC layer 

• i u « a „ P rn between neighboring subpixel regions, 
subpixel "white" reflective matrix-like pattern between g 

162 The reflective color filter comprising: 

, • r Metals having two different center wavelengths and 
two layers of cholestenc liquid crystals having 

portions in each CLC layer. 

* r„ m rholesteric liquid crvsuls that transmits red-green 
1 « The reflective color filter made from cholestenc nqu 

lll.igba^difierenap^^a.wo^confignrauon.^eacbia^bas^ 
two reflection bands. 

1 64 The spectral filter structure comprising: 

one lave, of li^id ccysul — * -* eacb aide o, the ,a y e, .efiecng . 

differene band of wavelengths around a differen, central wavelength. 

16 5Then.«bodntakinE.,efieaiveCLCfilte,co m p,ising.hcstepsof: 

WexposingonehalfofalayetofCLCntatcHaltoUVIightwhicntsabso^ bv 

the layer, thus polymerizing one half of the layer. 

l66 . The method of making a .elective cholestatic „ q uid crvsta, color fiber oompdshrg^ 
W reflecting two different bandwidth* of light in the top portion of the layer, and 
one bandwidth of light in the bottom portion of the layer. 
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167. The method of making a reflective fT r ri. 

S a renective CLC filter comprising the steps of: 

168 ^ me "" >d ° f *"» '<*• <** funhereornp,,*,. 

■*« **- — ** Wo, aCr^. 

1 69> The met hod of making a reflective PI r r .. 
1 70. Ma«rial recipes fer „ eali ,„„ 

- -** - two re „ Klion ::i:;r bp '" ,! * h a ^ 

- CI -C together, herein each safd o r , . 
reHeoion bwdwutah, so a s ,„ f„ m , s. . , 1,35 0, ">""*> 
*. ^re, h , 0UJ , ° rapabfe ° f ~— * «*« and blu e 

172. The image disptav for pro<J 

- o.pixe,s f0TOd „, thin J. , avere J,, ^ ""^ «*» ™* 
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EXTINCTION RATIO AS WAVELENGTH 
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•COLOR PURITY" IS DEFINED ON THE CHROMATICITY DIAGRAM BELOW. 
WE'LL USE THE FOLLOWING EXAMPLE TO EXPLAIN THE DEFINTION. 

WE NEED TO MEASURE THE COLOR COORDINATES (CC) OF THE LIGHT 
SOURCE, C IN OUR CASE. WE MEASURE THE SAMPLE'S CC, B IN OUR 
CASE. WE DRAW A STRAIGHT LINE FROM C TO B AND EXTEND IT 
BEYOND THE CC OR THE SAMPLE UNTIL IT INTERSECTS WITH THE 
CHROMATICITY DIAGRAM BOUNDARY, AT I IN OUR CASE. COLOR PURITY 
IN % IS DEFINED AS 



COLOR PURITY = 100 



CB 
CI 



WHERE CB & CI ARE THE RESPECTIVE LENGTHS OF THE 
CORRESPONDING SEGMENTS. WHEN THE SAMPLE'S CC LIE ON THE 
CHROMATICITY DIAGRAM BOUNDRY ITS COLOR PURITY IS 100%. 



0.8 ■ 



Y 0.4 - 




FIG. 7A 
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i 

"COLOR COORDINATES (CC)" 



T JK S^ CK SQUAR E (C) INDICATE THE CC OF A STANDARD LIGHT 

£2^&52^ F0R WH,CH ™ E CC WERE CALCINATED 

THE SOLID DIAMONDS INDICATE THE CC OF EACH OF THE RGB PIXELS 

IN THIS CALCULATION WE USED THE TRANSMISSION DATA (OF 
PERPENDICULAR INCIDENT LIGHT) FOR EACH COLOR PIXEL IN ORDER 

TO CALCULATE ITS CC. THE SOLID LINE TRIANGLE INDICATED THE 
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